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vgrste3eR, R~J6TR~ .. . 1 REFINED O L AND MANUFACTURI NG METHOD THEREOF
TECHNI CAL FI ELD The present invention relates to refined oil and to a

-method of manufacturing the same, and ore particularly, tollmﬂmmnmmumm"
whi ch can be preferably used as gas. turbine fuel oil or the
applications such as a conbi ned cycle power generation, and to assethod of

manuf acturing the same. BACKGROUND ART The conbi ned cycl e power generation
has been comrer REFINEDOHC AINIE MANUFAICTIURING METHODEHERE®FE ven by a gas
of high tenperature and high pressure that is generated by burning a fuel
such as natural gas, while steam generated by using waste heat fromthe gas
turbine is used to drive a stea@@m tREFp! € natural gas is

predom nantly used as the fuel for these gas turbines, use of natural gas

i nvol ves pr obThepresent inveatidn eeldtegio refisdd aif asl tora methadidf mamuifagorihg tg t he

natural gas. To avoid these problens, .technol ogjes have recently been
devel op¥NG andrEIoNg RRtic arly. ¢ refmgd Bflwhlmadﬁ)eda%%@lhwa ag8as Webiga el ur i ne

fuel oi by of m\%g@@%mrgggp@&%wﬂs agc%?nbiﬁédgf(%&r . Sclrgkﬁeraﬁlﬁlpg@ﬁ% hetheat

Publ i cati on, rst cation No. 6-209 ses a t ology to

pr epar eofrménufadumng thelsarob. i s preferably used as the gas turbine fuel oil by
havi ng | ow sul fur crude oil react with hydrogen in the presence of a

desul furi zing catalyst, thereby reducing the content of sulfur and heavy
nmetals in the refined oil. HowgkelkGROUGD ARG net hod di scl osed in the

publ i cation nentioned above requires the use of |owsulfur crude oil as the
raw mat er i al , The ¢ombjredensiopovedr gengration has beer terdmgrdiailytpracticed frewhishl i n t he
case of_ cruyde.oil which has hi sulfur content is ed. Thi sults in
Cheextinbe i b Re M 35 S g eadb el 45 el rer S B atbeed B2 £ 5

oxi de, buphiap aifGeldush &hRnal fat whills bteha geférdRd biyaisingWwdstetivabitbmlthe gas
conservation. Japanese Patent Publication, First Publication No.

2000- 278dbgre s fusedsto dsivs|a beam BYb@&t e: Oct ober 3, 2000) discl oses a techni que

Lo P o0uc VMR ol Sl RET5 00 B e o P e
di sti | lmaturelrgaa movadwds\peoitlexie asqhnalthe gh cost of kringesé masspoftirg the natural
gas.

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
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-2.denetal i zi ng/ desul furizing catalyst. This nethod of refining gas oil by

* hydrogenation is capable of yielding refined oil suitable-as a fuel having

-a viscosity of 4 cst or less, an al kal,i nmetal content of 1 w ppmor |ess,
a lead content of 1 w ppmor |ess, a“vanadiumcontent of 0.5 wt ppm or

| ess, a calciumcontent of 2 wt ppmor less, and a sul fur content of S00 wt
ppm or | ess. However, this nmethod of manufacturing refined oil has probl ens
such asdgrﬁb@alfzmé/@gmrﬂg,z,ﬁg_@rmgn heavy species of oil (heavy oil Whl ch
includes a | arge anmount of high-boiling point conponents and hig

concentr at i orltag maﬁhshéimféweg gascdil bishy Qﬁen@m@ab&ﬁd’eﬁlémg)rcﬁfthherr c
resi due cuu i due, deas fr ec f oil
throughgust%tf §8V'H%P fsﬁgjs'&v?c{%?nogfacés’ ?ﬁ(al 8]% aéw'gtgno%%qar{egpunslgd as the
feed oilkss, medmaemsjftlwqurﬁ bercﬁgfaluaﬂ@thomlcopreﬁamoesiwrrpymbﬁ Idssgher than the
val ue described above. Use of such refined oil as the fuel results in

pr obl erfélciine Kordentsd 3w RIMPE lesty aph a suldereggoptent ois5U9rwippan PLISES- 0i | and poor
conmbustion c i S possi bl e,
even when a Eg%v%g%?qlggyggﬁ)gf&o{) {h%{%ﬂ%gﬁg&@ﬁ%%%ﬂa%@eﬁhm Hg;tﬂglsﬁlo(%/ver t he

vi scosifofowind. pour point of the gas oil V\hr ch is charged to hydrogenation
refining process by regul atii ng the operat con(gl tions of the fractional

distillation HW@%@E"%’H&P%FW&“ @@aemrhw Q""o‘r‘ & adUEGAMPRIL L cr easi ng t he
yield %gr{hﬁu @ uars@t) Am ﬁht?ﬁ%ﬁxc&ﬁrahbﬁ’BPﬁshEEQQHEEG&rhsCfo?E%cﬂgﬁ et 0 the

| oner yield e re eavy species o are
used asnidesilf atewsphdrict rostdudf) eapuump o uof dqosrﬂtabtcd oifymad¢ froexthese spedies off oad

appl icati such as rochem cal induyst teria it possi bl e
P v BiRe i Bert e P Bothv gt OltAnd 8 syrh pes b thegeadail Bl ve ' The
reacti R cOHFRT I 1fifedbd pRip8RUh Sy Sﬁthl?& ch@Gﬂﬂ@Hés@ﬂbé&éﬁo@h NgueE ocess.

However, thé effects tend to be i'nsufficient, and in addition, increases in

the opef suchapfinessil asrthe &uplirgsniinin preblems snchoas nver atomiizieg ChaRGAIUSERE OF THE
Ny RS D bl BV AraBRR RGP RIRLGLAY, |1, or der, Lo solve the

problens escr e invention to provide
refined oil (&h&t&oﬁ@tlhmbdsﬁxbmlvémhwa h@vtyhﬁecﬁc&rm oifiatisedras thafeatd b, of
decreasi ng the viscosit pour point, and sulfur content of the refined oil
to praldiosr tfsatlrcsrlat%grgpur@mt of theegas qM avhi lgrarsfrsﬁe%ér%fﬁmrt@@d oil are

used, ang; o?@es? Pg%@%éﬁqanQH@oﬂF]é?ﬁnfgo&tnﬁmons of tﬁg mct%rﬂgdfsﬂllétgﬁl oém&éggd of

nanufactur e present 1 nvention I's brought
into camt s;xt‘tcmvdtatsphqldng)gmccssmmlnedqoree&egde: )ocﬂdaf therrefindd qil, tg# dradsitof uri zi ng

catalyt and dro ol cata.l to obtain the refined oil
havi ng WP?&JQ?‘NX) s%/ﬁlfflot"'SWé‘F fui%%” CP%‘our point of 30[err] or

| ower, al kal (3) ME@ IwHea Me@Rt spetied of\bil BRRMsEd ad tBE feed \GATOL L PugsRE 0Nt Of 10 wt
ppmor |ess and sul fur content of 0.3 w% or |ower. According to the nethod

of rranmea@;rtrt&tieﬁgeé @il forduoas| applicationssuel aspsheehenyealindusisiab matarial. AQ@Ht i on,
feed o h V. % brought
into clo * g\égtt)lgvrﬁ) t rshdergiggﬁhy ﬁaﬁﬁgtgﬁc%%g@%gﬁt afeilé %M)%Q 10?1ur| zi ng
cat al yemparatura ahy gresgyee of ;t&ihydoigeadttmtrpfxmhgpeicyssobfh)h\rrtivagtheea‘ffcnmd oil to be
used as s, turbine fuel .oil .havi.ng a viscosit 20 cst or | ower at 135k
a pour'® g?‘h‘i’e ’&F“tlé'ﬁ*eim 8Pdl’%9\®‘f’°’bd“§ﬁ§5¥ in tﬁ@f’%‘irx%%’n“toé d?ﬁq"?"@& L6Ph or 1ess,
a vanagdngmw,tom. of 0.5 w ppmor less and a sulfur content of 0.3 wt % or
| ower. According to the nethod of manufacturing refined oil of the present

invention, since the feed oil is brought into contact with hydrogen in the
presence of the denetali f t and the hydrogenol ysis
catal yst, not only can t[ﬁfﬁ(@nkrﬁl gllrltis of I rrpb\’fu‘fl ties such as netal s

(al kal'i met alls presenaitiventiorehas Heeaedmplekddlin obder d&ﬁﬂ‘&aﬂedrdﬂléxﬁs ciently by the
esul fyrizing catal yst, byt also the Vi y an our poi nt

denet al i zi.ng

can bed qSBRM‘/égOB? agtd doifi BB SPIachA (e inyeRiioR o P YIS Frking pi ﬁﬂéé@tﬁt

| SOMer {2 aleh QiR (1R saﬁtthaqfaréthg) Fn%%,q' d@érl:a tH@@Eéosﬂg ﬁoh? Bm@raﬂe%mtrVSI S
catal yst. Conseqguently, the I T ow ng ef cts can be ac I eved Even
when acdnéan gf tpecflims! of toqirhcticsl satiefhctosy teheISfeeedwlmnl heavy srtaomstqﬁf@dd pour

poi nt oI the refined oil .can be reduced to satisfactory levels. This nakes
it pos¥l Hedsed apP S mnimiss prRduean 99361 ng superi or characteristics which
does not require heating operation during storage, transportation, and use.
(2) Refined oil having a viscosity and pour point which are sufficiently

| ow can be prepared even when the conditions of reactions in the fractional
distillation process and the sol vent deasphalting process are set so as to
maintain a favorable | evel of yield when refining the feed oil. Thus, it is
made possible to inprove the yield of produced refined oil and to decrease
the productron cost (3) Refined oil having sufficiently |ow | evels of

e



4 .prepared even when the tenperature and pressure of reaction during
* contact of the feed oil with hydrogen are set |ower than those in the prior
-art process which uses denetalizing/desul furizing catalyst only. Thus, the
operation cost and the equi pnment cost “can be kept low. (4) Since the
separation of sulfur fromthe feed oil is accelerated by the hydrogenol ysis
catalyst, refined oil having | ow sul fur content can be prepared even when

feed oil whi cAcdordihg etetheln@hod of inafiufacotiemicfingd o 6 the(fresehiiveh g tg |
havi ng a vanadi um content of 150 wt ppmor less is used, in particular,
r ef i nedfesd pil seRrpyght anto £RBACLYYILE S)drogen wrtheprsselice @bt or | ess can be

AV _ | e o e h
ot oet oo BirEiipl Bt MRraR bt Qe HEreBib ol el 12, o1 can
| ower t heindd SERSidg/viedsity og 20@u orlewat at aBS T potigidineast 30°C okt faliglient | y

| ow | evel s and keep the production cost to a low |level. For the feed oil,
at nosphmetatcanesi dfuE wolppai erddsshyarcidaim toériterg of he we ppobeordeds amddelfuat mospheri c

pressure can%tb(ﬁ us d. For the feed oil, vacuumgas oil can al so be used
whi ch | OniBt i hdy %}Pr\}%’ﬁhm distillation of the atmospheric residue
obtai ned by H&bidihg i_’(‘)QhE:hﬂatﬁdd&ﬁnﬂldfa&nﬂ@?reﬁbémpbﬁido@h&ra@ﬁe'*dt'bfathe':or the
feed oil, vacuumresidue can al so be used which is obtained by vacuum

di st i | | preseaninggntiohefead pspihiel hes 3 eaiadiven emtent nechipherdhat 130 whgpmhe cr ude

Geaspnapul B Calihs: St ARRSESun R prePec SEE v b TRER e BN ¥ g

of the AHNSORGEALysiCeitalyst, Hetebyithimyg diffifet bllito e UhQ] £ dideurdide fpider
at mospheric pressure. For the feed oil  vacuumresiduary deasphal ted oil
can al sl hssinggedsanpity pf 2Q cior lowarat B35 So pevr pairiaef BRAT tdrrigwer, an atkaliacuum

resi due o%t ai ned tby vacuum di stil |l ati on%@f t{g at nospheric resi cuje, that is
obt ai ndBE'BFORFRY ST i WhEPRRE less i By apient gt Hosy er L?F%% F&" Yor the
feed oidonteht¥¥ 0¥ wiBIoR 16, &l SO be used which are selected from anong a

group consisting of the atnospheric residue obtained by distilling the
crude oi |l undegordingsephemethogrof seanugacturing refinad i ofdbe prasembnegntied, by vacuum

S 91k Bl 5 LIRS g BN PSR GRB e o0t e b
r esi duakedizinglaadul fdizirig catdiyaiane thethydsspen@lpdis catalyst, not only can the
concentrations of impurities such as metals (alkali metals, vanadium, etc.) and sulfur be
decreased sufficiently by the demetalizing/desulfurizing 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, transp;mation, 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



~deasphal ting of the atnospheric residue, the vacuum residuary deasphal ted
oil obtained by solvent deasphalting of the vacuum resi due and crude oil.
.-Heavy oil having boiling point of 340g or higher nay al so be used as the

feed oil. According to the present i nVlenti on, contact of the feed oil with
hydrogen can be perforned in a hydrogenol ysis catalyst |ayer after bringing
the feed oil into contact with hydrogen in a denetalizing/desul furizing

cat al yShreh@¥8bverWhélHthR (ERp&GhRre MRAITT8IsufIREAHoRHukiRE contact of the feed ol
denetal | zi ng/ desul furi zing catal yst | ayer which consists of a

denet al withihydndgen hreiset boweg thaattkdsy ¢n therpaior he prgetsowbicblugesi s cat al yst | ayer

whi ch consi,sts of, a,hydrogenpl ysi.s talyst, with the .

ot al POTIg AR e R R g BRete ., “Thieleiseeion cbildns g aninee! 6p%: r eam
of the hydiea@pnRiysis catalyst layer in the direction of the feed oil flow
The refined oil of the present invention is refined oil prepared by the
met hod descr i (92 8ingb theesepBrtigIroDEGoRiM i (G aiHE dorduprcsyaG. 1 is a

schemat, ¢, di agr am show ng. a uf act.uring a ratus, preferably used for
!l e IEs Py it o g est tuF Colil ek bR S vimgheini | *of
the pregedbil whi@intdes FikPsulfur ®n@nbrhgedt i ¢ di agram showi ng a

manuf act uri ng as&)ar atus preferably used for inplenenting another enbodi nent

of the met hodSpWheardesdei havinga vafadped centenigi 5AeV  MpesemessiinyeEst ion. FIG 3

is a schematic di howi ! r ly used
for i mit St s ana bR R AR R e ALt 0 PR i BE BEPERLY i o

r ef i nedwltich isgirefehabl posedestgas twvieing fuehoil BEST MODE FOR CARRYI NG OQUT THE

I NVENTION FIG... ] sho a n cturi apparatus preferably used for

carryi ng out WHE “P‘FBQQAF%EF GW%&&%P‘L\@J}%@V%@S “Eﬁq‘(_’ f thepre ERPhyvent i on.
The manyj z&-ﬁrﬁﬁhé‘%s&%ﬂz%ﬂ_&% é;m%?&‘l’ﬁ‘of metr&‘ix&dq{ilatwsﬂﬁié?&?lg%\p@év%ls}’atn'dc reactor
tower 7 ich I's a reaction vessel conprising an external container 2 that
houses kacp the piedietiahicostiigadex ldvelir i zi ng cat al yst | ayer 4 consisting of a

denet al i zi ng/ desul furizing catalyst, 3 and a hydrogengl ysis catal yst |ayer 6
consi sting o Oéaﬁxflﬂ?%ﬁé'n%g’%ﬁ%“ﬁ\éﬁséq‘S%%t%‘.‘ewyg‘fwg“g%‘c e SPLRIY

denet alaizodplibHe prebdusé 4l BQuseat al yst 3, a general - purpose catal yst used when
refining feed oil drogenation (denetalization and desul furization

by h . on. .
process) can F@étf@rfp%gid{acmne gaepibean 2159 heyperdawinicly is obtaipedct wacywm 3 may be

an al umi ' L | . L [ J s a catal yst of
at | eas sﬂ@lﬁg&f(ﬁ]@@égﬁ% th ?&é #e?:@i%@g%}%ﬂ#&@%llﬁﬁ%%%e%ﬁlo%)%%enum and

t ungst atimosphericlpieeduad.i zi ng/ desul furi zing catal yst 3 may be sul furized
before use. There is, ng limtation to {he shape of the .

denet al i zi ngf&égﬁlfF‘Eﬂ?lgiVﬁﬁu%’ét’f‘éF tcag,af dlﬁecfrwwbé obigined by Huym

cyl i ndyiseithtioS SIHRE GtrREdphBRE }e§idu9Bbém&@rHyQﬁétilliJé"Ger:hR,ﬁ%iﬁﬁﬁH on of the
denetal i zi ng/ desul furi zing catalyst 3 nay be fornmed in a 3-1obed or 4-1obed

conf i gatmespberic Meesugt.amet er of the catalyst 3 may be in a range from0.5 to

o a the catal n a range fromo.
and. i mensi obe” B T ALOE Mo RHE Gl O A aiaR e PRERSN Ns I EMAen 15°, R07P°

pr oper btafifed tlysofveftdeasphattivy dfhike s phdricaesidoe obtainge by dRrillimgnhe t 0 be
removed. The hydrogenol ysis catalyst 5 may be one used in the ordinary
hydr oc FRER CHG IHFIABOSPIERS Argiidfeas it has hydrogenation activity, cracking

capabi | ity OFo} GRTELd &i ,tviaaﬂuﬁ?ésidﬁia{?ydeagﬁ{a[l(twgilQXQE@S%QQ&&G&L%E@ al yst 5,
one that includes a conponent havirg cracking capability, or isomerization
act i vi pitaimed by solyepodeasphalting ofghyabuogenesidio nbtauted by vycuvay diséllatipadf As t he
Conponﬁ)rc]:tatrrr])ggpl)h% cfik uig, e %Co%%a¥ﬁéybyoéiseilﬁgﬁé &8ad O uf etr Iat\{rll(gs hcr?é least one
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 distillation of the



"sel ected from anong the group consisting of silica, alum na, nmagnesia,

*zirconia, boric, titanic, calcia and zinc oxide may be used. Anong these,

it is particularly preferable to use ag anor phous material such as
silica-alum na, silica-magnesia, silica-titanic, or silica-zirconia.
Crystalline materials such as zeolite may al so be used. As the conponent
havi ng hydrogenation activity, at |east one selected fromanong a group
consi st iangospheric pdsielue, the hamhdsphanid ydodeanyrdeagphaltédoinpbtained by wolvertungst en,
iron, and pal] adium nmay be used. Amng these, it is particularly preferable
to use ricaipBpltingghHieatmpsy Haémﬁﬂe?@wgvavw rﬁﬁrﬂuam@aﬁﬁﬁﬁ%%f)b%mﬁg

hydr oge J i Mi j Heeshd jcatalyst 5 either in

el enent g?wfﬁg&rﬁq%ﬁmln%ﬁf@}/%?%hg}gglaﬁ@oxdl eaé(}? ‘sul fide thereof. This
conponent 7 Heayy ail iaving boilsigrpointtof 3461t behighstanay dlso Boiusedas adigedf t he
catalyst 5, or only in the vicinity of the surface of the conponent which
has cra®iing activity (such as silica-alumina). That is, the conponent

havi ng hydrogenati.on activity. ma ) rt n,the . nent havi ng
Cracking. ace 1Byt Bahe dihing TeoPp RIRRSd:Sfe RR4 WIS OTTRORR s RE: I'on

acti vi t ypeifsrnigdah amabiogehdlysis eaagst layeaidr bronglH/hb Yestedibinto codfddt WRhe
preferably in a range from2 to 20% by wei ght of the catalyst 5. Wen the
cont ent hydropen e demecta ipinpideputferizing galalyshlayerhysingod eastor besselcomprising

decr easa@s, : ' ' t . ' .above,
speci fi ?%Sdlf r gaéle %ﬂdggp@?&?ﬁ%g@épgﬁﬁi%r%?éje%@gggeﬁ?j dfﬁ%?%lzl ?O%éﬁl?ﬁ%'t tion
to the sialyst anfl thdleydeagemblpsis catalysiniaybr whigh bensidtoof hpdrpgenolysislcatatiyst,cal ,

square pris ic, or. spherical. The cross section of the catalyst 5 may be
f or ned wﬁhé@éq%ﬂdé&w&ﬁﬁ%Béalgcfaﬁfxsb[ﬁ/s&tremﬁ mﬁfiﬁ?ﬁﬁwﬁc BPSUeRR Hdbal yst 5
may be j{ir8gdrdeR chaI)Q]g BiyEPinth8Wre@lonRRuah b6 Glols NO restriction. The

shape and di nensions of the catalyst 5 can be determ ned in accordance to
t he nol ecul ar Thetefined oil of Hee fresant tiventaandis ré¢fened omlquepared byothemicthde conponent
to be removed, .As the specific exanples of the hydrogenolysis catal yst 5,

t hose | %ngﬁeqﬂ)olgﬁTROTECH, vol . 22, No. 12, pp. 1302-1037, 1999, may be
used. The catalytic reaction tower 7 of the manufacturing apparatus 1 is

provi ded with the hydrogenol sis catalyst layer 6 which is installed
downst ream of the deneB m&mgm@N@ET@QWIWS | ayer (downstreamin

the di rect | onel 1108 LRSHRIindhthon TGN Akib ol HpabOR Shrcify kel VUi <

reacti on tower is a at “supplies t an rogen
i nt o t hfer aplenghiing areemmbodimenoaithe Metldainfenimathctwirigrefiiat dibof thé ptdsent

catalytic reaction tower 7 is a discharge pipe 9 that discharges reaction
product ™ Y% he catal ytic reaction tower 7. Now an exanpl e of the method

of manuf act urgieg 2t e séRidatR HiPrhm3a6VING aNBarduTadthendddpariis profeaibly @edwi | | be
descri bed bel ow taking a case of using the nmanufacturing apparatus 1.

Accor di fegimplemgatinganothar smbogdimerd ofthe mgthed efkmpnfeetdring mhined qdeof did by a
separ at | [ on such as distillation or solvent deasphalting, or a
m xtureér?%g?@gb?ﬁdﬁéy be used as the feed oil.

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



- Speci
© atnos
oil,
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property of t?le feed oil and the concentration of the component to be removed.

The hydrogenolysis catalyst 5 may be one used in the ordinary hydrocracking
process, as long as it has hydrogenation activity, cracking capability 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.

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



"(3) Vacuum residue Vacuumresidue is produced by supplying the atnospheric
" residue to the vacuumdistillation tower and collecting hirgh-boiling point
conmponents under a reduced pressure. Specifically, such a nethod can be
enpl oyed as the atnospheric residue is distilled in the vacuumdistillation
tower so as to separate | ow boiling point conponents and hi gh-boiling point
conponents of the atnospheric residue, while the high-boiling point
conponephs aidb Be ARAREEL IR oV d1ehy/ @Rt ite Bbd£6f HY RathlyRN3 I @nBahtWiefnidyhe
tower. The vacuumdistillation process can be carried out under a pressure
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can be used. coppected 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



"Feed oil preferably used in the present invention is the vacuum residue,
t he atnospheric residuary deasphalted oil or the vacuum residuary

‘deasphal ted oil. Use of these species as the feed oil inproves the effects
of decreasing the viscosity and pour Boint of the refined oil. In the
manuf acturi ng net hod of the present invention, the feed oil is supplied

t hrough the feed pipe 10 and hydrogen is supplied through the feed pipe 11,
bot h bej t he feed
oi pe 8. oot UEADHERED (F YRR S Rha K HaRAFON AR e iBE fiTe 20 e
from ZOtQ;ctto 1000 N8/ kL, nore pref erably from 400 to 800 N8/ kL. When t he

proportion of hydrogen is.l|e t he descri bed above,
denet al i zi ng/HessPReGIes 2L Al "Y'ﬁj’é g yQFﬁf”L?VSE%@%‘noI ysis catalytic reaction

in the catal 3(§5Ahﬁgﬁ; %né‘re%.ﬁﬂ:cG may not proceed sufficiently while an
excessive proportio hydrogen beyond the above range increases the cost

and is ther eanmsplmmmesxdbct i.pradueed be distilstenodf dngdtrmgmder stnprsphatabl y set

so that the parti essur of hydr.o en | t he cat ic reaction tower 7
ol | o imesiteniuck » sbes tfs SR ingmmbrd e eRsmee i SR e om 70
to 140 e ki bwnﬁ@wméawqfoaeﬁgb&ﬁg@om&t& Undled zﬁﬁ{% d;trtt%e éteureange descri bed
above, denetalizing/desul furizing reacti on and rogenol ysis catal ytic

reaction in tSpecifigally, 9l$<th 4 mgthod can heemployed/asibe Cpldocbdeddeuﬂtﬁd mitbatly while
an excess hydr.oge u beyond t he above range [ ncreases the cost and is
Cher of GPRoMERET S URUIPH P FUBO st a R Dl BBdRint SRR 4 ne cat al yt i
reacti mtglimng poiat @ompéﬂcﬁcbttif&ﬁ'c ¢iati®oil be nthkplwt bz tHedlitashdd Mrthei ng

catal yst | ayer 4 and nmake contact with the 11 denetal i zi ng/ desul furi zi ng

cat al y@ll@gmpem%wm& thehighthoilinggpeintirompapents isgotlegtpdas €e of suppl yi ng
the fe t t layer 4, liquid space velocity

(LHSV) ?,Hn&y @graig?agm%ﬁ}e#%gghgo%@é@%ﬁq 0.1to 3/hr nore preferably from
0.2to 2/ hr Tliheerﬂtpdmud: topratthe ehude ioflydukiag shet digtillatibe paimwacahamg;et gecr eases

t he production efficiency, while the |I§%i,,§ space vel omteé hi gher than the
above tlalhg@nwnt%l&&bmh%wme.%ﬁ@o&Rs | prAigher desseallegier reaction in

t he catalyst. o”rlt é)m‘%th%n{seactl on tenperature of the catalyst layer 4 is
preferably se'tg hge Trom 310 to 460k nore preferably in a range from

340 to 42Qhe étrﬁ(ﬁpﬁﬁi(ﬁltcsifdec e pelialeuingtchhRpRall, BgMeiRyr danddedidue,

i nsufficient demetalizing /desul furizing reaction in the catalyst [ ayer 4,
and a t‘@‘n’Fﬁ@Fié’Pﬁlrrémﬁt‘@ﬂ%'rhct’rlfén t he above range may decrease the yield and
qual ity opytihag,dRfhfed Oi | due to deconposition of the feed oil. Mtals
(vanadi um )I’ll ck rﬁg etc.) included in the feed oil react with hydrogen due
t o t he acVasuunygasfoil lsereienet cihzmlhgg,detsludztwﬂuzadr;gc&sateatty:sitmesphsrmt hat the
bond of_ the t.al s Q.| e netal s being
separ ASOF YT oA G s 5o O grigk of RSl BhePher el Tor 1 e
cat al y&ich3 proekss esiiéetmoseric k@atheqs t;uplpnsd i Vuam\v@fabtioMeedttaat hi gher
than 150 wt E’&‘:I S, processed, however, it increases the cost and it is not
pract i sdllecting lpsebeiliag PoHY comparrnimvRdshe &ucest PresfTs-ef i ned oil to 0.5 wt ppm
or less. Thu r [ [ tent |ess
than 0.5 u e Syiren adnRbEP A FRBRA 8 e Aol R EOR T ary o
use f edidtildéd invhé edruuncdisolidstiondoacdi somsco Bttp&!rﬂlc ost-bbil ipp oirit hempdiedtsmt ppm

The sul fur., ¢ ained in the feed oil is reducy drogen sul fide or the
ke ¢l SPRReo AR o e P Mo F oS e M R ReiBved fr om ¢ he
feed ojolx-bdigag Pemt wtﬂp&ﬂin@d & tﬁ@da&MH ghrsmlqtdtﬁthe (BpeF lHe' t8wed Ni trogen,

carbon) which are bonded with nol ecul es of feed oil are al so separated
fromthe feeBhoydcupmrdsigiationerecsatedndrs qutf—h‘ mundﬂjemreavmeeweangea part of
the fe onposed, through reaction with hydrogen by the action of
t he deﬁé?qbpzpﬁﬂgﬁg%ulfur|2|ng catalyst 3, into smaller nolecules so that

t he vi scosi t'Vheteehpeaitire 2o wiichathe cerle loflds RehtedMirigaRel ditillattonthrbyeds ogen whi ch
have passed the denetalizing/desulfurizing catalyst layer 4 are introduced
into t¢A8 teydr sydactaepancatsthay ipgbollingaoims {aver thag ﬁSIer@éﬁp‘&j aoemlsetedam  and
make conh B’ ﬁh t he h drog quyS|s catalyst 5 while flow ng down 12

t hr oug® P “hyh BgHHN % yst 1ayer 6. For the rate of supplying the
feed oil and hydrogen to the catalyst layer 6, |iquid space velocity (LHSV)
is preferably set in a range from2 to 40/ hr, nore preferably from3 to

30/ hr. Wen the liquid space velocity is |less than the above range, the
production efficiency decreases, while the liquid space velocity higher
than the above range may lead to insufficient reaction in the

hydr ogenol ysis catal yst |ayer 6. The reaction tenperature of the catal yst

| ayer 6 is preferably set in a range from 310 to 460 C, nore preferably in
a range fron1340 to 420 C. Mhen the tenperature |s | ower than the above

Y Y . . o,



A part of the feed oil is deconposed into smatter nol ecul es through
reaction with hydrogen by the action of the hydrogenolysis catalyst 5. As a
result, viscosity and the pour point of the feed oil are significantly

decreased. Part of sulfur content in the feed oil is reduced into hydrogen
sulfide or the like through reaction with hydrogen, and is separated and
renmoved fromthe feed oil. The processes descri bed above produce the

refined oil haw V] ity of 20 cst or lower at 135 C, a pour point of
301 or Iomr@a@n&glﬁ’l{]ﬁ?&%tal content of 1 w ppmor |ess, a vanadium
content of 10 Vatuyspresiducliep®daded by sappliying the atneospheric @siduandothovaduaner . Wien
feed oil _including a vanadium content not higher than 150 wt ppmis used,

r ef i neddistillatomtoer andenllesting high-bangpointcogpopgnts pndes ageduced pregsiEs- at 135k
an al kali net : f ! Y ab=Tol! of 0.5 wt
ppm or | ess a% egﬁﬁﬁ%ur&go"rjﬁt&dt&g;ge(c)k.rmymag?h?/omrPﬁ%ggr?% I I‘é\ed oi I which
has pasdiedli¢chm thy daagendisiyi$itoncawer spsts tb agmaraté love-holimg poine clraporemof t he
catal ytic, reaction tower 7) and js introduced into the hydrogen sul fide
vy b BE PO Rk gmhactis ok e ABROBRES bl W o HiebdErag paintie

r emovi ng, s Qe BRSire PORICHRISs NN 2061 réithild §6m th B8itom of theliydgocar bons such as
net hane, ethane, and propane are renoved fromthe refined oil during
processes suchhasaaust diktiliatioo processecandfei aageedodut unferarmpredsiichn almeangey dr ogen

sul fi def anc% tI ipfgjht drocar bons havi ng been renoved, is discharged to the
out si de'™4¥8 “a°pt 040t E0i | . The refined oil has additional characteristics
such that it Tge R&HpcnRERIS AL tﬂcfbradmd)i]/dhﬁﬁ%ifﬂ@iﬂﬂlahbﬂbw@és@%ﬁﬂlb@séirs@CeSSi ng
for any applications and good processing characteristics can be achieved,

si nce tthet aoimppostsihavingd0ilingtpoonts PHHK} toft50X3Sordrigher laws qollesteqpaithe is 30" i or
| ower. A sg .fhe alkali nmetal content and the vanadi um content of the

AI I
r ef i nedighPOUEg NOEM FORPEREHY to 1 wt ppmor less and 0.5 wt ppm or |ess,
respectively, 4zgtﬁlggplﬁﬁ§$esmf ddalishalegdioi | i ncludi ng vanadi um content not
hi gher than 150 wt ppmis used, and therefore such problens as nelting and
det eri or at i oPAmfiosphericesidoary deaspbaltast gil isfprodhuced byisibjectvgrihbamespheasint ed when

the refined oil ,is ysed as turbine fuel .oil. The manufacturi met hod
of 1 hi eutio sabvRe depufliae P r Belish 5 o bomaatf B AEHIGR T
hydr ogembspHetie réyi@seasioesiny a lifle hyeiseimbh sbNeAtRSk b piobzie)Butedd, peiGhe 3 and

t he hydrogenol ysis catalyst 5, can not only decrease the concentrations of
i mpur i trd&Xageh as netals (alkali metal, vanadium etc.) and sulfur to
sufficiently I LZi Qr g zi cat al yst
3 but oan o SSUcEHE saob wEBR I bd tEpIBGEER S SipRER e Y TS

wi t h t hetolopdnegdow lcystast weith thesslvem, in Breotvent exgrdctipm(pvan, docsss cratlsdmsi ty.

Thus, the foll.owing effects can he. achieved. . ( ven when a heavy oil is

Jsed’ adinmrnpEE e ini Shief ErsoluBT B ine e RBePERT ELPSTAN or epar od
can be deyphaRel feRidue W hiéipiialiclvy @hepcnent] WHileMRKSslvért dBRABRAIRHSilt(ight oduce a
refined oil having superior characteristics which does not reﬂ\t;: re heating

oper at ic@mPEReTH) istrofleeisd tngsthsk with 4k sRbvent SronRireitpraf B owr Wity thei scosity and
pour PQLRE A kﬁ&lc&ipﬁh%%ﬁé&%cﬁ@%@&{ct'bgﬂ{éﬁgﬂ%obéd 9{ ﬁ@%ﬁaﬁoﬁ‘éﬁ{he"l\ﬁ&” the

conditions of reactions In racti dr st tion process and the
sol vent deasflyat bf tig spiveat psopdriéomsatths solasnt] @mperattraiand atheacomdétidne of evel of

yield en refining the feed oil,. Thus, it becones possible to inprove the
yield d ew\s%éﬁ%ﬁ@%@lwggrpéqq%ﬂc griermingd aeegr §égﬁﬁé’eﬁﬁ%%ﬁ§é§i“?fn cost. (3)
Ref i nedRbdohbPAY kgl scosity and pour point which are sufficiently (ow can
be prepar eg even when the tenperature and pressure of reaction during
contact of t (&) Vaemwmoiesiduary4leasphalted 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.



“With hydrogen are set lower than those in the prior art process which uses
denetal i zi ng/ desul furi zing catalyst only. Thus, the operating cost and the
equi pmrent cost of the catalytic reaction tower 7 can be kept low. (4) Since
t'he separation of sulfur fromthe fegg oil is accelerated by the

hydr ogenol ysis catalyst 5, refined oil having | ow sul fur content can be
prepared even when feed oil which includes high sulfur content is used. (5)
Wien feed oil_ having a vanadi um content of 150w ppmor _less is used, in
particul ar, r&Ferisallnsucihametgdamayhecamnloncd anthsriacymm gesilugris ppinky | ess can

be prepar ' r. : ' | oil. Wth
the ef f%(‘:’ﬁ %ﬂ%k@gaﬁglﬂﬂgggéﬁ%@dﬂgt%s\(}&% ﬁ?%@%%@ﬁggégfg b tu %ng&gﬂ{)@gi ment can

| ower tvaeuwth $esidiictiito spbieht dedisplialtad dil swhidhui a dight @niponénttand sokkhned oil to
sufficiently I ow | evel s and keep the productign cost to a | ow | evel. Wen
at mos ptépsrhaliedsegigue whichda g hgavy qeanpoaen: While callsgting the selverydeagbaltedin pe

r educed,;f AL i.$ IS because the atnospheric residue can be

manuf agotllu(llfléép&[lm eo-rggllét?'rmspheri c pressure and therefore can be nmanufactured
at a | ower cqdie.feadwhusedanaybegablend of twioi oz imare sedédtad frerd amongabeium
distillation of the atnospheric residue or vacuurl;n residue. is ,lésed as the
feed oidMOIPHENC FasKduRdfe Spquugt sanflih Bieraprusp Erstduethe AYPaSARIS 6FidEdbust i on
char actgidsabings GRhdSe REERA Rlidoh %a%atéﬁﬁﬂ oi | having honmpgeneous
properties can be used in manufacturing. This is for the follow ng reasons.
The at nospheccordisg tduke hrserd ivegtio déddi aalgwipioh miclulesia highrsetfor eomtejui res it
to be ?‘gatt%ﬁ to a hﬂggh t.gﬁf%)ﬁrature en distilled under atnospheric

pr essull@ ¥ fnfargxpmplesiighqThean Reysedi | it v of deterioration due to ther mal
deconposi t i oFeed¥bie prelfé}sbla\tuaagsmhﬁé Fﬁéséxﬁﬁiv‘éﬂtﬁ)d 18 thkH Wiclhh eekidndee a reduced
pressure, in contrast, the distillation process can be carried out at a

r el at i wingsphengresidpary sigasphaliedoil pathe yaguunpssidpay deasphdtedvasht Wigerfmal
deconp@si i i.on. X i i i in,a

par (1 st SRR uIRLFOT ubRATRONE Birfe Y SRR R iockl BRLME pBhD. 1 s

such asf thelrefinddasil. wei ght can be obtai ned. Wen oil prepared from
at nospheric resi due or vacuumresjdue by sol vent deasphalting s used as

the feed oi | 1P Rgasustirinednethed pt G Rrasentinyntiery theried ofl ds swpliede t he

sol Ve”ihr@@g?ﬁlﬂ@?éehffﬁ’per P ARy TS al SippliEP hrdlRR e feapRant SotRBidgher ef ore

t he hydrogenation refining process cgn be carried out under |ess demandi ng
condi t insreslu¢askiptosthe eatakytinpeaction tayyer dithropgh the feedmipo8.di ng to t he net hod of

R N N

denet aNn2yKIghstes plefetablgitRon @60 & SCENI&XEr 4, concentrations of inpurities
(such as sulfur), viscosity and pour point of the feed oil are decreased in

d f
the denet al i Wikgrererrgpetionaf hydrogemisyess thagyhe range desgribeteaboyacent rat i ons of
i mpuri g : - Vi ' : LNt rther in
tho. hy v Sl e RtuRping dEdtjol o AR iRy R e tof B i e 15
super i byeisd anded maypnoti proceed soHfiviandy wdiile an dxecssigopiopyrtioanf bgdwigemi ned. The
enbodi rent .descri bed above is, a nethqod of using,the .catalytic reaction
Cower SR O o FineB e pasetihebind i Bratist PRISTSIIRG catal vst | ayer 4 and
t he hydr ogenphy/feed ri@bahydibgdiid @refbrablj 3kt sdrtRat ifis@Galiphestiire h§AfdALN
contai ner 2; however, the present inventionis not Iimted to thi's method.
FI G 2indepestakytie stactiors wes 7tfalls nongngalzemon tofl 6@ keg/amifraereprefatablipivar at us
whi ch i er enbodi nent of the nethod of manufacturing the
refi ne%%g?ﬂgﬁ@(?a %ﬂ%&{qhe i nvention. The manufacturing apparatus 20 has
first and seWted tiedliwirygendfeedrod is dass tinalicratge dosdritiddl abbvé,e t he first
catalytic reaction tower 17 has denet al i zi ng{ desul furizing catal yst |ayer
14 con ?‘E?‘?‘F?@“%f‘esﬂlﬁéfla@&éFaﬁ“PEiaﬁghb‘g%ﬂnf’ ﬂ%ﬁ%ﬂ&ﬁa&}l%tn wedaabishe second
cat al Yfa?'&s uena s May ﬁ(ﬂﬁgécég snﬁﬁieﬂtl?mlﬂegﬁ @gd%@HGﬁ%hMﬁP HePART thlg6i .

consi sting of the "hydrogenol ysis catalys e refined oi
pr epar &wvbyangeancreases thctaost ang is ppefercwadésirableuch a net hod can be enpl oyed
as the feed il i upplied to th ISt talytic reactibon tower 17 so as
to pass thr oﬁfb%fefagﬁﬁgﬁgygﬁolgﬁ? ﬁlﬂ’/pﬁg(ilﬂt?'ﬁf?%gliyﬁ%ye@gt‘% tf/’?'tcr?gilcer 14, and the
react i proicRdUsh tihdemet@htiap/aeshlfusizimgRBlalyeoladirdaisgdinikeoRictlwith hd he second
catal ytic reaction tower 18 so as to pass through the hydrogenol ysis
catalyst layer 16. In this case, since the two catalytic reaction towers 17
and 18 are used, the process conditions in the denetalizing/desul furizing
catal yst layer 14 and the process conditions in the hydrogenol ysis catal yst
| ayer 16 can be set independently fromeach other. Therefore, the process
conditions in the two processes can be optim zed individually, Thus, making
it possible to inprove the reaction efficiency. Thus, a refined oil which

e



“According to the present invention, fromthe view point of sinplifying the
apparatus and the catalytic performance, it is desirable to charge the
denet al i zi ng/ desul furizing catal yst and the hydrogenol ysis catal yst
together in a single reaction vessel.jjt is especially desirable to use a
reactor vessel wherein a |ayer conprising the denetalizing/desulfurizing
catalyst is installed upstreamof a |layer conprising the hydrogenol ysis

catalyst in the direction of feed oil flow EXAVPLES (Experinental Exanple
1) Ref i ¢rseptdizingddasuimnizing eatalyss3 wihilp flawing dawmnthroughdhedayer act ur ed using t he

manuf acturin i le ) 4F): L L] ' par at us
and t he procg:sogmgc(a)!%gﬁl @Skgﬁwgé& O#llﬁg&é)yd@gﬂ%h?%% g!aagéﬁ #’Bﬁuﬁong

cat al ysdpad velstid! (LHMSV) i preférablywet in arhngedfrorh B. Mo%/h@ itbrerpleféradeip dronf 8 W %)
supported on the surface thereof. Cylindrical shape 1 mmin dianmeter and 3
to 5 mi-¢¥nghr phstliquidsnage yelogity Irst ten thecabpye (ange dggrepsea thepgodygtion

di anmet el [ n. LG | Lyst, .5 A

Si 11 oa ety Wit (R L0 BB b AN e E AR 0 et con.

Cyl i ndrinaidficistajemetalizing/desdifarizing teaatich i thec&alyse lapergt. Hydr ogenol ysi s
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ext ractﬁg t$ H{SWCAFn%P% %fg{rh@l%%%rr% fﬁjenlleaZ@% fRRd oil described above and

hydr ogen were supp pipe 8 into the catalytic reaction

tower 7, SO @StchipeRAGE 16WEOUGR i ¥dodefmpe hiay iidhd/ d esddificienzi ng cat al yst
| ayer 4 and:the hydrogenol ysis catal yst |ayer 6, and reaction product was
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hydr ogefidieyfeedsoit.at al yst | ayer 6. Tests were conducted simlarly to

Experi ment al I\E’ﬁaa[rs?\l/a%a&ihm, nickel, etc.) included in the feed oil react with hydrogen due to
the activity of the demetalizing/desulfurizing catalyst 3, so that the bond of the metals with
the feed oil is cracked, with the metals being separated from the feed oil so as to be
adsorbed on the surface of the catalyst 3 and removed. When feed oil including a
vanadium content higher than 150 wt ppm is processed, however, it increases the cost and
it is not practical to decrease the vanadium content of the refined oil to 0.5 wt ppm or less.
Thus, in order to prepare refined oil of vanadium content 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 oil 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



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

Table 1 along with the process conditions. Table 1 Experinental Exanple

‘1Com . Exam |l e 1lFeed oil Reaction roduct Feed oil Reacti on roductDensity at

15C (g/cnB) 0. 9620. 9140. 9620. 918Ki netik2 vi scosity at 135 (cst)5145110Pour

poi nt (° C3253220Sul fur content wt %3.120.213.120.31Nitro en content wt

nl8505201850S70Conr adson carbon wt %9. 11. 29. 11. 8Vanadi um content wt nB5<
net al, cont < 0.55< 0. 5Tenperature

0.535< 0.5 [ i [
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ext r actefftiéicyMekidhdes, wisilc e 1iquid spacd VodiSafgRY than (KOATAE drgéendsx@aPl € 2)
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producmm@m\/\ﬁlok%@@mtﬂy&@m?efwmmbazomce_ss condi tions. Table 2
Experinental Exanple 2Com  Exam I'e 2Feed oil Reacti on product Feed

oi | Reacti on MddmahOengictatumtis kv thay thaBd@cI8R, BaBY.1&3180. 188 cinet i c
viscosijty at 135 st).242248Pour, point (°~)3603618Sul f uyr cont ent

ko6, 2 PTOEROBRE AR BRT L CUAADERD. ShEGoBBtTRSOP RIS BEBHOEr bon
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above, but can be set to appropriate levels according to the concentrations of metals, sulfur
and residual carbon and the properties (viscosity, etc.) of the feed oil.
A part of the feed oil is decomposed into smaller molecules through reaction with
hydrogen by the action of the hydrogenolysis catalyst 5. As a result, viscosity and the
pour point of the feed oil are significantly decreased.
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 30°C 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 135°C, 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



"h dro enol sis catal st la er 1/h30-Yield of refined oil w %98.098. 3
(Experinental Exanple 3) Refined oil which could be preferably used as the
.'gas turbine fuel oil was 19 prepared using vacuum cracked resi due oi

(‘boi l'ing point 565 C or higher) extradBed from Arabian |ight crude oil as
the feed oil. (Conparative Exanple 3) Refined oil was prepared with a
manuf acturing apparatus simlar to that which was used in Experi nental
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be prevented when the refined oil is used as gas turbine fuel oil.

The manufacturing method of this embodiment, in which the feed oil is brought
into contact with hydrogen in the presence of the demetalizing/desulfurizing catalyst 3 and
the hydrogenolysis catalyst 5, can not only decrease the concentrations of impurities such
as metals (alkali metal, vanadium, etc.) and sulfur to sufficiently low levels by means of
the demetalizing/desulfurizing catalyst 3, but can also decompose a part of the feed oil into
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 possible 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 deasphalting 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 oil



" (Conmparative Exanple 4) Refined oil was prepared by a manufacturing
apparatus simlar to that which was used in Experinental Exanple 4, except
-that it was not provided with the hydrogenol ysis catal yst |ayer 6. Tests
were conducted simlarly to Experinengal Exanple 4. Results of analyzing
the feed oil and the reaction product are shown in Table 4 along wth the
process conditions. Table 4 Experinmental Exanple 4Com Examl|e 4Feed

oi |l Reactj o roduct Feed oi | Reaction roductDensity at 15 i

(g/ crB) wﬂ@ﬁygomc setdewaodag 1hesq ig the &r&aé.r&am%ass mdxl@g% ) 3543513Pour poi nt
~) 25- 0: A dihth

rm35044 'gm&/mﬁ?g feifig gaamgon“&ml nggs’istla §1 35 bt fitd ten‘E’MﬁCOSter5<

0. 525< (ﬂ”tlieﬁctdtaiymc reattion tooset 204n bt kepllldw. 0. 510< 0. 5Tenperature

C) 365365Part | rek uCno2 enlOO .o en fe oil ratio
(Nm 3 kL6006001 4h§|“8§ Q*ﬁéeeare‘éqrb%sy urtrQIRs ﬁgﬁ‘h B&FP&%%‘%&YQ@% furizing
cat al ySﬂydf c€61y§;§ EaZtQIyécﬁ %H gl&h% ﬁﬂgﬁ?@vv mm%hbén(éalfﬁ)é rbparét &Jefl vﬁfeﬂl Si s

catal st 5-Yi €l d ol I wt%9898. 8 per| ment al Exanpl e
5) Ref|fn@bblbwhlchhndhdqsdugMSlﬂﬁrpmrEéMnmﬂcg used as the gas turbine fuel oil

was prepared al ted vacuumdi st j | Qil, I ch was, obtai ned by
deasphal ting (%l)ns\éﬁlg g?%\fg Heredn iém(CBB'ﬁ'BbWJ ﬁ’{&“ﬁﬂf’h‘\é\ﬂﬁ%i’f F??a Boi nt of 565
or hi ghgficuRt, réYiddd GNhieAYY valadRg &nkent Bf @55 ppanbr BeashhR!prégagedappar at us,
as the feed oil. Yield of producing the deasphalted vacuumdistilled oil by

deas phathi¢hepntieeprefgrablinused o5 theeaniusbing fugl 94l. ( Conpar ati ve Exanpl e 5) Refi ned

oL "as B PRI AAIHEISIUNL R ARR Be'tReibd bt i dboddibnl ol vas

used in Experl nen exce nag not pProvi W th the

hydr ogésnadrithd ﬁls&%ﬁtQJ pbix'fr pbiy id fulfud &sitéhnt VEthe refinstusil RckusfidiedtBriby t o
Experi nent al nP . Results of analyzing the feed oil and the reaction
pl’OdUCtlcvﬁl‘SémgllfS hcmrmlensosar%@wm the process conditions. Table 5

When atmospheric residue is used as the feed oil, the production cost can be
reduced further. This is because the atmospheric residue can be manufactured under
atmospheric pressure and therefore can be manufactured at a lower cost.

When vacuum gas oil which is obtained by vacuum distillation of the atmospheric
residue or vacuum residue is used as the feed oil, then refined oil of uniform properties and
superior combustion 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.).
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of the reaction pro
can be used in another embodiment of the method of manufacturing the refined oil

according to the invention. The manufacturing apparatus 20 has first and second catalytic
reaction towers 17 and 18 while the first catalytic reaction tower 17 has a
demetalizing/desulfurizing catalyst layer 14 consisting of the demetalizing/desulfurizing
catalyst 3 and the second catalytic reaction tower 18 has a hydrogenolysis catalyst layer 16
consisting of the hydrogenolysis catalyst 5.

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 so 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



-could be decreased to satisfactory levels in Experinental Exanples 1 to 6,
in contrast to 23 Conparative Exanples 1 to 6. Also in Experinenta
‘Exanples 1 to 6, concentrations of inpurities (sulfur, nitrogen, carbon,
vanadi um and al kali netals) could bgemade | ower than those of Conparative
Exanples 1 to 6. Particularly in Experinmental Exanples 1 to 5, refined oi
suitable for gas turbine fuel oil was prepared. Fromthe above description,
it is clear that refined oil having superior properties_such as _viscosity
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point of the refined oil prepared can be decreased to, sufficiently |ow

| evel s laygeAt Whigh i ebrgedpithiagnixlise oblhie demetaliginepiesul furizing saal iy Siandpossi bl e
to pro 1 i avi ng superior characteristics which does not

r equi rg h gﬁg:?gggggggﬂ%tnbbr hi gh- pressure processi ng. 24 CLAIMS |. A

met hod of maWHheacherdfingd odfis pepasd by thdmerufadnpng sgmratie3; tlepfeed otbis ngi ng
feed oil into contact. with. hydro in the presence of a.. .

denet aPHEAIRE R Rl oR PP S0t 4© oty toBge s Fenclizingal yst to obtain
a refi geghiMlikind Y hjdrogentl oS d1yst Mye2fy. cst or lower at 135 C, a pour point
of 30°i or lower, an alkali metal content of 1 wt ppmor |ess, a vanadi um
content of 1@histmyhed makeseis possitreltoesimplifyuhe stowrtenstof tife @itBytit Badionl ower . 2.
A net hod 027%13 uf.actiurlrége ruefi ngd S?i |, which conprises the step of bringing
feed orfl™HhA&Vi H@“E“%ﬁ%&l AR of 150 wt ppmor |less into contact with

hydrogen i n AbeorBing6 feepresentimdenin trodi M~ iRe pdihtsf FinpOfyesd @kyst and a
hydr ogenol ysis catal yst to obtain the refined oil to be used as gas turbine
fuel oRPPAFKNS 3 the ¢atalyys iperformpange ibisidegFableipegharge thas ¢, a pour point of
3001 o . ad | . yanadi um
cont eneh iy i uiiding LM akERL AR B nohe e R HecfE g Bk M over. 5.
The neteaaibnofessebnuf acturing refined oil according to claim1 or 2, wherein

at nospheric resi due obtain by distilling crude oil under atnpspheric
pressure is {gésequagalﬁ)%écsgrggg ‘8¥anﬁ?°t?h‘éesg'ﬂtme‘81a 13yeh GPRTSIPE HY r ef i ned

oi | acg@néhiing/Qestlf@hiPing cafalydt isWhRIIRUMpYRGHYBT £ BYeLPédmmiif thed by vacuum
distillation ot the atnospheric residue which was obtained by distillation
of cr ulilregenolysid eatalyishinstbh diteetiqprafSendrail flev.used as the feed oil. S. The
met hod of manufacturing refined oil according to claiml or 2, wherein
vacuum r esi due obt ai ned by vacuumdistillation of the atnospheric residue
whi ch was obtained by distillati ®XAMPLESde oil under atnospheric pressure
is used as.the feed aoil,, 6. The nmethod of manufacturing refined oil

accor o cht“Be’E:‘P]aE’Fﬁ"lplﬁrDZ, wher ei n at nospheric residuary deasphalted oil

obtai ned by r&ineanil SAaaseT8¢ §dsterbfic héGilAlADRRAREEGrditRIfiURe Whi ch was
obtained by distillation of Crude oil under atnospheric pressure is used as
t he f emehufadturing 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 S: A silica-alumina carrier with nickel-tungsten (8 wt%)
supported thereon. Cylindrical shape 1 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)



- 25 7. The method of manufacturing refined oil according to claim1l1 or 2,
wher ei n vacuum resi duary deasphalted oil obtained by sol vent deasphalting
of the vacuum resi due which was obtai ned by vacuumdistillation of the

at nospheric residue produced by distijfation of crude oil under atnospheric
pressure is used as the feed oil. 8. The nethod of manufacturing refined
oil according to claiml or 2, wherein the feed oil consists of two or nore
ki nds sel ected from anong a group consisting of the atnospheric residue

obt ai neextiptedifearn Arabign light cetdsadl oi | under at nospheric pressure, vacuum gas
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refi ne ai l claim1l or 2, wherein a heavy oil having boiling
poi nt Orgﬁlbe &ggwgéﬁﬁpélgs used as the feed oil. 10. The nethod of

manuf acturl ng refined oil according to claim1 or 2, wherein contact of the
feed oil wth hydrogen is carried out using a reactor vessel conprising a
denet a|<p9mf)§rad%f§lﬁxmwﬂez1)ng catal yst | ayer which consists of a
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denet al i zi ng/ desul furizing catal yst layer. 11. Refined oil prepared by the
met hod of maRdsalis of dnalyzingehe &k wddindithe whctigrapraduct gre shown in Table 1
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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 135°C (cst) 24 2 24 8
Pour point (C) 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
(ke/cm?) 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
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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 135C (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
(ke/cm?) 160 160
Hydrogen/feed oil ratio (Nm’/kL) 1000 1000
Liquid space velocity (LHSV) in
demetalizing/desulfurizing catalyst 0.1 0.1
layer (1/h)
Liquid space velocity (LHSV) in 10 _
hydrogenolysis catalyst layer (1/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
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Tests were conducted similarly to Experimental Example 4.
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 < Q.5
Alkali metal content (wt ppm) 10 <0.5 10 <0.5
Temperature (C) 365 365
Partial pressure of hydrogen
(ke/cm?) 100 100
Hydrogen/feed oil ratio (Nm/kL) 600 600
Liquid space velocity (LHSV) in
demetalizing/desulfurizing catalyst 03 0.3
layer (1/h)
Liquid space velocity (LHSV) in 25 i
hydrogenolysis catalyst layer (1/h)
Yield of refined oil (wt%) 98 98.8

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

prepared using deasphalted vacuum-distilled oil, which was obtained by deasphalting the
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vacuum residue was 71 wt%.

(Comparative Example 5)

Refined oil was prepared by a manufacturing apparatus similar to that which was
used in Experimental Example 5, except that it was not provided with the hydrogenolysis
catalyst layer 6.

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 0.29
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 <05 12 <0.5
Temperature (C) 370 370
Partial prezisglx; 021; hydrogen 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 i
hydrogenolysis catalyst layer (1/h)
Yield of refined oil (wt%) 98 98.8
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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
Feed oil Reaction Feed oil Reaction
product product
Density at 15C (g/cm’) 1.050 0.955 1.050 0.965
Kinetic viscosity at 135C (cst) 9800 19 9800 250
Pour point (C) 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
(kg/em?) 160 160
Hydrogen/feed oil ratio (Nm”/kL) 1000 1000
Liquid space velocity (LHSV) in
demetalizing/desulfurizing catalyst 0.1 0.1
layer (1/h)
Liquid space velocity (LHSV) in 10 i
hydrogenolysis catalyst layer (1/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
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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.
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<= >7@mgﬁﬂékémmﬁﬂé&wqéﬁmngih@&%a@ﬁﬂ RinHiér! abAOPheric pressure,
vacuum gas oil obtained by vacuum distillation of the atmospheric residue, vacuum residue
obtained by vacuum distillation of the atmospheric residue, atmospheric residuary

deasphalted oil obtained by solvent deasphalting of the atmospheric residue, and vacuum

residuary deasphalted oil obtained by solvent deasphalting of the vacuum residue.

9. The method of manufacturing refined oil according to claim 1 or 2, wherein a heavy

oil having boiling point of 340°C or higher is used as the feed oil.

10. The method of manufacturing refined oil according to claim 1 or 2, wherein contact
of the feed oil with hydrogen is carried out using a reactor vessel comprising a
demetalizing/desulfurizing 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.



