FPO7-0211-00 DESCRI PTI ON HYDROREFI Nl | NG PROCESS Techni cal Field [0001] The
present invention relates to a hydrorefining nmethod. 5 Background Art

[ 0002] Increasing interest is being focused on effective utilization of

bi onass energy as a strategy for preventing global warning. |nFPPar@2+08r,
pl ant - derived bi omass energy is "carbon neutral” because it allows
effective utilization of the hydrocarbons converted from carbon 10 di oxi de
by photosynthesis during the process of plant growh so that, considering

natural life cycles, it does not ]IREP i ncreased carbon dioxide in
t he at nosphere. [0003] Uili zaticylEgp |?tdylge of biomass energy has al so

been ext eanomm@R@@ESSf ield of transportation fuels. For 15
exanple, if fuels derived tfromaninal or vegetable oils could be used as

di esel fuel FechifcalVPRIGI stic effect obtained with the high energy
efficiency of a diesel engine would be expected to contribute substantially

to carbon digg0te FhHegseontriaduatibatelHopina divasstefiding!hetidd.i zi ng ani mal
or vegetable oils include fatty acid nmethyl eSter 20 orls. Fatty acid nethyl
estef oils a;gﬁgkgm,mpﬁrby transesterification of the triglyceride
structure as the general structure of animal or vegetable oils, wth

met hanol usi{p@02h Bhdeshiingrintdrest ikbeiddofenased os effativiedatlizatioadfent

docurment 1 mentioned bel ow, the process of producing fatty acid methyl
ester oils béomass taiergyt aead nindtegy fhe gbyesting plobal ovmeming5 dn creates

new cost and energy requirenents for purification of the product oil. 1
particular, plant-derived biomass energy is "carbon neutral" because it
allows effective utilization of the hydrocarbons converted from carbon

10 dioxide by photosynthesis during the process of plant growth so that,
considering natural life cycles, it does not contribute to increased
carbon dioxide in the atmosphere.

[0003] Utilization of this type of biomass energy has also been
extensively researched in the field of transportation fuels. For

15 example, if fuels derived from animal or vegetable oils could be used
as diesel fuels, the synergistic effect obtained with the high energy
efficiency of a diesel engine would be expected to contribute
substantially to carbon dioxide emission reduction. Known diesel
fuels utilizing animal or vegetable oils include fatty acid methyl ester

20 oils. Fatty acid methyl ester oils are produced by transesterification of
the triglyceride structure as the general structure of animal or vegetable
oils, with methanol using an alkali or the like. However, as described
in Patent document 1 mentioned below, the process of producing fatty
acid methyl ester oils necessitates treatment of the glycerin by-product,

25 or creates new cost and energy requirements for purification of the

product oil.



FPO7-0211-00 [Patent docunent 1] Japanese Unexam ned Patent Publication No.
2005- 154647 Disclosure of the invention [Problens to Solved by the

I nvention] 5 [0004] The follow ng problenms are encountered in addition to
those nentioned above when using ani mal or vegetabl e oil-der FREY-021 140
oi | conmponents or fuels produced using themas starting materials.
Specifically, since animl or vegetabl e-derived fat and oil conponents
general ly have oxygen atons in the nolecule, the oxygen can adversely 10

ey B34, S ek 3RS0 Sen ekl BRI b "o
veget abl e- msl_ggz‘ggz and oil conponent is used in conbi nat | on wth a
petrol eum fraction, current technol ogy has not all owed

sulfur in BB At GBECN acti on [0005] It Ts therefore an
obj ect of t oB e?ﬁ?(fjﬁ SbF\y@d]pg?ﬂeﬁ t?cYﬁEe a hydrorefm ng nmethod that can

yield a hy ore I'ne ICI ntIy reduced oxygen content when

compaunds. IGO0 poTie FEUGRIAE HrabfRliP A8 RhcBRNRERACR SRR ST D" 1
probl ens d%ﬁght}%ﬁ@ MR wWHAR h@ﬁge mal g@ﬁ@@ (ﬂl’ eRvelT R G AEEt hod

characterize tal nfng are ol | rorerining step in

whi ch an OIdﬂtebrﬁgohélget 8f e gt&g%%d %@%%ﬁﬁﬁ%' Qﬂaﬁlﬂngyﬂfa?e% 30N

conmpounds is cont wth ac nmprising a carrier containing a

QFL%‘Jﬁ ulmnO; | Clglﬁﬁﬂydﬁn“c%rﬁ%ﬁﬁﬁ@ A ved MRbRLAERV E] FHEARA 611 E6hffdrfsitd F oM anong

generally have oxygen atoms in the molecule, the oxygen can adversely

10 affect the structural members of the engine, and it is difficult to remove
the oxygen to a very low concentration. Also, when an animal or
vegetable-derived fat and oil component is used in combination with a
petroleum hydrocarbon fraction, current technology has not allowed
sufficient reduction of both oxygen in the fat and oil component and

15 sulfur in the petroleum hydrocarbon fraction.
[0005] It is therefore an object of the present invention to provide a
hydrorefining method that can yield a hydrorefined oil with a
sufficiently reduced oxygen content when using an oil to be treated that
comprises oxygen-containing hydrocarbon compounds.

20 [Means for Solving the Problems]
[0006] In order to solve the problems described above, the invention
provides a hydrorefining method characterized by obtaining a refined
oil through a hydrorefining step in which an oil to be treated containing
oxygen-containing hydrocarbon compounds is contacted with a catalyst

25 comprising a carrier containing a porous inorganic oxide composed of

two or more elements selected from among aluminum, silicon,



FPO7-0211-00 zirconium boron, titanium and nmagnesi um and at | east one

" nmetal selected fromanong el enents of G oup 6A and Goup 8 of the Periodic
Tabl e supported on the carrier, in the presence of hydrogen, and under
conditions with a hydrogen pressure of 2-13 MPa, a |iquid 5 spBR87+&2c00y
of 0.1-3.0 h", a hydrogen/oil ratio of 150-1500 NL/L and a reaction
tenperature of 150-380C. [0007] According to the hydrorefining nmethod of the
invention, it is possible to economcally and very efficiently obtain a

hydror of! nedkhiui, Bt BUSRAONECT AO0LE o SCTEAGLLNAD Apugt | Lo be

treated 10 cConprisihg an oxygen-contai ni car bon “compound w he

catal yst spagldcted! RORY amoAROflendifis CAf 'GRIud oA 8hA" BbYRORE PO | SI N

crystalline nolecular sieve sati'sfactori|ly reduce the oxygen

content whi Ipericit OPABIE Quppeited 8hi thRdcatirder Mid %égiréé&@?fglﬁgrrﬁg%ﬁg' | ow

tenperature 15 performance“to be obtained 1'n an econom ca

effective npmANghderTBEnditiong Withds rgfiagegéﬁ ebditeddl 0813 WM??Q‘;}@H@ fats

and oils have straight-chain paraf sTor “strai ght-chain ol efi as their

hydr gcar bon spagé iveldecitpWf 0ilL8&r &t agdpsddrol! rdid o8 E§0-1500 NIFLhodes do
not yield paraffins with suffici enfly practical low 20 tenperature

per f or mance gandnetasditiog @hq;giaﬁgbrﬁfli(jlggg]’(j!:or t he hydrorefining nmethod of
the invention, the oxygen content is preferably 0.1-15 % by nmass based on

the total afo007] ofAddoedingi to the hedrorsfidde Mbthad bfttheliaventahedt iy ef er abl y

contains no sulfur or at least has a suffrciently | ow sul fur content,
preferably wdshibde soldconodticalintad vefy efficertlyabtahnn IbAirppefited oilss based

on the total anobunt of the oil to be treated. If the oxygen and sul fur
contents of witk aifeduceheox@Ben content, by contacting an oil to be treated
10 comprising an oxygen-containing hydrocarbon compound with the
catalyst specified above.
[0008] The carrier is preferably one comprising crystalline molecular
sieves. This will satisfactorily reduce the oxygen content while
allowing a hydrorefined oil with sufficiently practical low temperature
15 performance to be obtained in an economical and highly effective
manner. The fatty acids composing the animal or vegetable fats and
oils have straight-chain paraffins or straight-chain olefins as their
hydrocarbon portions, but different conventional hydrorefining
methodes do not yield paraffins with sufficiently practical low
290 temperature performance, including cloud point.
[0009] For the hydrorefining method of the invention, the oxygen
content is preferably 0.1-15 % by mass based on the total amount of the
oil to be treated. The oil to be treated preferably contains no sulfur or
at least has a sufficiently low sulfur content, preferably with a sulfur

25 content of no greater than 50 ppm by mass based on the total amount of

the oil to be treated. If the oxygen and sulfur contents of the oil to be



FPO7- 0211 00 treated are within the aforenentioned ranges, it will be
possible to maintain stabl e deoxygenation activity for prol onged peri ods.

[ 0010] From the viewpoint of effective utilization of bionass enerqgy,
oxygen-cont ai ni ng hydrocar bon conpounds used in the hydrorefi Hpy-03]1m¢dod
of the invention are preferably animal or vegetable-derived fat and oil
conponents. [0011] The proportion of conpounds with a triglyceride structure
anong t he oxygen cont ai ni ng hydrocarbon conpounds is preferabl y at |east 90

nol % i n order reduce t he |l e of energy requited cessing of
the startinge? ?WeaIWlE{b@b atfﬁéem9tat~lene3.rﬁng§s,stteﬁv1§ liJ?hEO!'r't%lléﬁ?ofi‘ef| ni ng
nmet hod of the. |nve{tat%oa1e referabl% caryied out i,n such a manner that the
ratio of i &t Fiavee Vﬁﬁr%})ﬂﬂ@ﬁgﬁﬂup@q Ssoparaf fin

mass/ nor el IS the.paraffins in the

150- 350C 15[q(ﬁZﬁt ]é"r?négﬁ? éeWPilrﬁe‘HF %ﬁ%c%ﬁ? é‘laﬁ%@ B*ﬂé’ﬂéﬁ CRFDe treated.
This can nore satls actoril % ove the |lo erf%rrmnce as a
fuet, 1 ncl 6 BcRBta R BRI ydroq épntqfénpetm S aio8H| 1 TS0 RSrOrRTReE

hydr refinin of. the.inventio talline Iecul r ieves in
t he at al ystl %&1%5 étﬁhwﬂvﬁlatlafa@fe |Hr?§?6ﬂgg’ %Veg@tap {1ge re the
ratio of sili to constituent el enments other than oxygen and silicon
(nunber of @‘&PQOQPIHPBH@ Sunber of atoms of el enments other than oxygen and

deconposi 11 WP act PbriianbrtioRoaf Grasounds ki, i él%?tﬁbén%?ﬁ%ﬁé e
orodhet on, g RLOYEIER! bt i St RS A R Btk 2 ) T
least 90 mol% in order to reduce the level of energy required for
10 processing of the starting material. |
[0012] The hydrorefining step in the hydrorefining method of the
invention is preferably carried out in such a manner that the ratio of
isoparaffins with respect to normal paraffins (isoparaffin mass/normal
paraffin mass) is at least 0.2 among the paraffins in the 150-350°C
15 fraction of the refined oil obtained from the oil to be treated. This can
more satisfactorily improve the low temperature performance as a fuel,
including the cloud point of the refined oil.
[0013] In the hydrorefining method of the invention, the crystalline
molecular sieves in the catalyst preferably include silicon-containing
20 zeolite, where the ratio of silicon to constituent elements other than
oxygen and silicon (number of silicon atoms/number of atoms of
elements other than oxygen and silicon) in the zeolite is 3 or greater.
This will inhibit excessive decomposition reaction and allow more
satisfactory efficiency of fuel production and improvement in low
25 temperature performance.

[0014] The metal of the catalyst used in the hydrorefining method of



FPO7-0211-00 the invention preferably includes one or nore el enents

sel ected fromanong Pd, Pt, Rh, Ir, Au, NN and Mb. This will accelerate the
hydr odeoxygenati on reaction while also allow ng nore satisfactory

i nprovenent in |ow tenperature perfornmance by hydroi soneri zat iRpO7-5211¢aghi on
and paraffin deconposition renoval reaction. [0015] The carbon nonoxi de
adsorption is preferably in the range of 0.003-0.05 mmol per gram of
catalyst with the nmetal in its reduced state. This will allow sufficient

activity to_be,exhibited in st abl manner for prol onged perjqds. 10
[ 0016] The ﬁ&ﬁ‘dﬂb‘feém(m Rﬁe#ﬂ@g?ﬁ Wcﬁlfiesh?@? S HiOhE rﬁgemﬁmﬁ)&e]@ﬁtﬁd‘n%ﬁmnvent i on
I ncl udes a first rogenati on step wherein oxygen is,, renoyed to, renoval of
at | east 709040RE %ﬁsﬁgf %ﬁ%eﬂ‘p n'?*ilia ?\Nl (ﬁ{iFgMO'co&E%tWﬂh QEQ‘PSYQ??W thepe
treated to pb Eqid] a firsﬁ refined oil,,, ang a second hydrogen ion step in
whi ch t he oRYSEGABRHEERRHEN] FEACHOTY IWEHLS alse naloweng; Wors SaIRiEdTY o r emoval
of at |east.95 %% nﬁss of &]he I nitial Oi( Een C nte}ré}i L.n order .to obtain a
second ref | HERIQYMeRt i Jows WeMPATAIHER SFE rUWI%cFeEYp]F TMSUNGTIEREOR carri ed
out En such_a nmanner the ratiqg,.of isoparaffins with respect to nornal
q1Leastion. ot | east 0.2 anmong t he

paraffins (FSHLER] hg@t W?SIHQPJFWCEV

paraf 110 LA 2ol 0 Ea0 BTt 8, SSSOBRH) e e T2, O

ol 0 LS R L 15 B Ll SRt S BB L

rethod el 680 esaneT AP oKl SR 1 W MR B igbre o
manner for prolonged periods.

10 [0016] The hydrorefining step in the hydrorefining method of the
invention includes a first hydrogenation step wherein oxygen is
removed to removal of at least 70 % by mass of the initial oxygen
content in the oil to be treated to obtain a first refined oil, and a second
hydrogenation step in which the oxygen remaining in the first refined

15 oil is removed to removal of at least 95 % by mass of the initial oxygen
content in order to obtain a second refined oil, the second
hydrogenation step preferably being carried out in such a manner that
the ratio of isoparaffins with respect to normal paraffins (isoparaffin
mass/normal paraffin mass) is at least 0.2 among the paraffins in the

20 150-350°C fraction of the second refined oil. This can more
satisfactorily improve the low temperature performance as a fuel,
including the cloud point of the refined oil.

[Effect of the Invention]|
[0017] According to the invention there is provided a hydrorefining
25 method that can economically and very effectively yield a hydrorefined

oil with a sufficiently reduced oxygen content when using an oil to be



FPO7-0211-00 treated that conprises oxygen-containing hydrocarbon
conpounds. Best Mode for Carrying Qut the Invention [0018] Preferred
enbodi ments of the invention will now be described in detail. 5 [0019]
According to the invention, the oil to be treated conprises an
oxygen- cont ai ni ng hydr ocarbon conpound. As oxygen-cont ai ni ng IRQFEZdlnen
conpounds there are preferred aninmal or vegetable oil- derived fat and oi
conponents. Fat and oil conponents according to the invention include
naturally or artificially produced or manufactured 10 ani mal or vegetable

oi I's and an{@BtePtha¥tes | F@ﬂ)@ %;&y produced or
manuf act ur ed freom tahesglﬁ?g%e? (g&r?}cgegl? S aﬁgtngc mggé%chpmﬁpoﬂr&the pur pose
of mai ntai nBgt ModeTapTCA¥ying OfetheNavesfion’ such fat and oil products.
[ 0020] As exanpl es of a(r?T1 mal og veget abPZ-geplﬁved fat and oil 15 conponents

there may beoeal | Preferie@&imbatifvhts GPEReR eftibn \%ﬂlY'ﬁ%@\F‘beQiéscriB@Hm oil and

the like. The aninmal or vegetabl e-derived fat and ol conponent s accordi ng
to the invefy gdetyimay fromany fats and oils, and nay even be waste oil from
use of the fats and oils. Fromthe standpoint of carbon neutrality,

howeger, t hf@gw]e Acebatiablty theoeivablion?@hé dibtabe tpédted crbpfisémhhe

Vi ewpoi nt o atty acid alkyl chain carbon nunber and reactivity, rapeseed

oi l, _soybeat)xg'gbnmtmimg ohydicarie ecompeuat! edAsThayakareamainigped fats
and oils may be used alone or in conbinations of two Oor nore. [00Z21] Ani nal

111 Ol oot i de StTueTar e, DOt LNEy way &l 20 1 nerute Tt " aneorl componants
processed t denvbdrfatf ahtdyibcoapmrenest eFat andlvihsofrpidnent$ according to
the invention include naturally or artificially produced or manufactured
10 animal or vegetable oils and animal or vegetable oil components and/or
components produced or manufactured from these fats and oils and
components added for the purpose of maintaining or enhancing the
performance of such fat and oil products.
[0020] As examples of animal or vegetable-derived fat and oil
15 components there may be mentioned beef tallow, rapeseed oil, soybean
oil, palm oil and the like. The animal or vegetable-derived fat and oil
components according to the invention may from any fats and oils, and
may even be waste oil from use of the fats and oils. From the
standpoint of carbon neutrality, however, they are preferably vegetable
20 fats and oils, and from the viewpoint of fatty acid alkyl chain carbon
number and reactivity, rapeseed oil, soybean oil and palm oil are more
preferred. The aforementioned fats and oils may be used alone or in
combinations of two or more.
[0021] Animal or vegetable-derived fat and oil components generally
25 have a fatty acid triglyceride structure, but they may also include fat

and oil components processed to other fatty acids or esters such as fatty



FPO7-0211-00 acid nmethyl esters. However, since production of fatty acids
or fatty acid esters fromvegetable fats and oils generates carbon di oxi de,
the vegetable fats and oils are preferably conposed mainly of conponents
with a triglyceride structure, fromthe viewoint of reduci ng EROBO219-00
di oxi de em ssion. According to the invention, the proportion of conpounds
with a triglyceride structure anong the oxygen-containing hydrocarbon
conpounds in the oil to be treated is preferably 90 nol % or greater, nore

T oi 1 to Bed PethENeRENT, B %rﬁrrifﬁﬁ{%i’ﬁ%qsﬁ%éw%ﬁféﬁx%ﬁﬁt B fot¥ar bon
Component s RERE PaisEt Bl éééi?@%’ T AR IO EhlR cthdR it ﬂcieﬂilf:i?do?"
Synthet) ¢ 83853%#?. 43 1 R ake RER ey, rR B ROIRI B SRDOESHS, T,
E?Ej(ra(r)lcglr boL&gﬁg] gly%ﬁtéi%get?&% mhﬁ)%rocagioe%ﬁp(ﬁﬁg |onCﬂﬁﬂlg% %@H be a

fracsion obaﬁs)pae E}m?ﬁ}ﬂnCO”K%oxgﬁth't&“fHer ShUGiin SUBE- pEflorsBram e, there

e used a fractron correspon fo a prescribed I'ig pol'nt range

obt ained frg Lﬁ‘fdﬁo\%ﬁﬁeé Ltﬁgg;&tﬂdgl %‘%%%IZ%C“ ggggo ‘?{?Hr%ﬂi gl Il ation

appar at us, o fraction corresponding to a pr nt range
obt ai ned fr Fdfo %ﬂé’b %Fé‘a% |
desul furi ze%a or éfbl}fgpgl ze @g&ltid % |ﬂ(1:e B??%cgéé d ! ia‘é:ftal on gt@?ﬁéd from
each of thegaf nt 8 S S I

oft Q‘eﬁf& thefe Te ﬁréﬁlgﬁ@@t He&1S/ NYd t&%ﬁ ﬁi’o@:hg ?.iblgt ?3ns may be

conbi nati ons of two or no bl endi ng amounts of t
est abl i shedpgsiof@gigrester.”

10 [0022] The oil to be treated may also contain as oxygen-containing
hydrocarbon compounds, in addition to the animal or vegetable oil-
derived fat and oil components mentioned above, also chemical
compounds such as plastics or solvents, or synthetic oils obtained by
Fischer-Tropsch reaction using synthetic gas comprising carbon

15 monoxide and hydrogen as the starting material.

[0023] The oil to be treated may also contain a petroleum
hydrocarbon fraction. The petroleum hydrocarbon fraction used may
be a fraction obtained by any common petroleum refining step. For
example, there may be used a fraction corresponding to a prescribed

20 boiling point range obtained from an atmospheric distillation apparatus
or vacuum distillation apparatus, or a fraction corresponding to a
prescribed boiling point range obtained from a hydrodesulfurizer,
hydrocracker, bottom oil direct desulfurizer or fluidized catalytic
cracker. The fractions obtained from each of the aforementioned

25 apparatuses may be used alone or in combinations of two or more.

The blending amounts of these fractions may be established as desired



FPO7-0211-00 so long as the oxygen and sul fur contents of the oil to be
treated are within the prescribed ranges. These fractions may al so be

bl ended wth the aforenentioned chem cally-derived conpounds Qr synthetic
oi |'s obtained by Fischer-Tropsch reaction. 5 [0024] The oxygenFPOAt@ht1-60
the oil to be treated is preferably 0.1-15 % by mass, nore preferably 1-15
% by mass, even nore preferably 3- 14 % by nmass and nost preferably 5-13 %
by mass based on the total anount of the oil to be treated. If the oxygen

content is IsgSknlohad tRe Joxtyfﬁ’eﬁyaﬁ'ﬁ‘%ﬁlﬁﬁ‘ é’&ﬂ&ét&fsggf B P 1dlibef ig% Iea %1% stably

mai ntain the 10 deoxygenation activity an e urization On the

ot her hand’wi@‘l‘irpm@ﬁdge%&i“raﬁ éﬁngﬁgsel%ao/etR}h@ Widd Her By need for

equi pnent to treat t wat er by-product, and nmay to excesslive

i nt eracti on vpigh WheNafdiemeitRinedNehédi GIkalefivel 86mpbiHds! MRy hilbticact i vity

and lowering the catal yst strength. The "oxygen content may 15" be neasured by

an ordi nary ¢ilses@maiild Bp#iydrir-TRptcheeatit@npl e, a sanple may be converted
to carbon nonoxi de on platinumcarbon, or it my be converted to carbon

di oxisde and [DDR4] nTRRUs cogtcheofele oilsionge rehtRl 1pref; o yvily
detector. [0025] The oil to be treated may al so contain a sulTur-containing

20 hydr ocar B4roy engssynebrepredemabipdess %Hsy enase enenpaotd prdferabliyeBtri ctions
on sul fur-containing hydrocarbon conpounds, and specifically there may be

nentioned sul4f Velby, mdss ahtlidest prefeyablyf5-d8sYs byhinaks batdd ephéretotal
benzot hi ophenes, di benzot hi ophenes and their derivatives. A

sul f ur - cont aimmoumyt of theoodrtoobe ¢ieapeadindlf thet tveygen conte2i ibdeds thained. Imay be a
single compound, or it nay be a mxture of two or nore. A sulfur-containing
pet r ol eum hydr dyarmaess ftacvillortendy tal e défficult to stably maintain the
10 deoxygenation activity and desulfurization activity. On the other
hand, an oxygen content exceeding 15 % by mass will create a need for
equipment to treat the water by-product, and may lead to excessive
interaction between the water and catalyst carrier, thus lowering
activity and lowering the catalyst strength. The oxygen content may
15 be measured by an ordinary elemental analyzer, and for example, a
sample may be converted to carbon monoxide on platinum-carbon, or it
may be converted to carbon dioxide and then measurement performed
using a thermal conductivity detector.
[0025] The oil to be treated may also contain a sulfur-containing
20 hydrocarbon compound in some cases. There are no particular
restrictions on sulfur-containing hydrocarbon compounds, and
specifically there may be mentioned sulfides, disuifides, polysulfides,
thiols, thiophenes, benzothiophenes, dibenzothiophenes and their
derivatives. A sulfur-containing hydrocarbon compound in the oil to

25 be treated may be a single compound, or it may be a mixture of two or

more. A sulfur-containing petroleum hydrocarbon fraction may also



FPO7-0211-00 be blended with the oil to be treated. [0026] The sul fur
content of the oil to be treated is preferably no greater than 50 ppm by
mass, nore preferably no greater than 20 ppm by nmass and even nore
preferably no greater than 10 ppm by nmass 5 based on the t ot alFROD@2R1 1600t he
oil to be treated. A sulfur content exceeding 50 ppmby mass will tend to
hanper stabl e mai ntenance of deoxygenation activity and will tend to

i ncrease the sulfur content of the hydrorefined oil, risking adverse

tS%fSCFe?t ﬁg%?ﬁi%f @ﬁ%ﬂ%ﬁ?&; Eﬁﬁéﬁﬂ _E%Edg-ﬁ'eciﬁl f“’;gszcéﬂf et SQEEESF?]S to
\(ﬁzﬁrgbggl }W@ K Egﬁﬂmr&ﬁﬁur C%ntent 1]I'est %/b‘?ﬁ%%a orpg%ffkfjf@}(gg. i I[O'([)(Z)?Le
e e e S i L

of ahydr or B I HERg opay e g ore préfeiably ! Sleste, Nl 30 BB 1] e L0 or

the seact or bgsd 06 {1 IEHSHIAUHOST SHE o to HePuBdd SRRl Bohyr eact or

[0028] The oil to _ al I's used for the invention preferably 20
contains 2 t4acddinp 54 pPn? bRCIISOSyPICHA & hififfer YrabledfiinieRRdce RiFef erably

it contains no heaVy fractidns with boiling por'nts above 700C. If the oil

to be treat gdogeeendifin a8fVRYyaRd WidlctdrR tWiihéredse RRE! JulfiPEOenPlof300C or
higher, it will"Tend to be difficult to obtain sufficient yield due to

Conea  nocis RO Gl e o5 boghe 2t
carbon on t parifrfasionsdevdoes themeiheyintadudhess & ada fuel in diesel engines
10 and the like. The sulfur content according to the invention is the mass
content of sulfur as measured by the method described in JIS K 2541
"Sulfur Content Test Method" or ASTM-5453.
{0027] When a sulfur-containing hydrocarbon compound is included
in the oil to be treated, the sulfur-containing hydrocarbon compound
15 may be mixed with the oil to be treated beforehand and the mixture
introduced into the reactor of a hydrorefining apparatus, or it may be
supplied at an earlier stage of the reactor during introduction of the oil
to be treated into the reactor.
[0028] The oil to be treated which is used for the invention preferably
20 contains a fraction with a boiling point of 300°C or higher, and
preferably it contains no heavy fractions with boiling points above
700°C. 1If the oil to be treated does not contain a fraction with a
boiling point of 300°C or higher, it will tend to be difficult to obtain
sufficient yield due to excessive decomposition. On the other hand, if

25 the oil to be treated contains heavy fractions with boiling points above

700°C, deposition of carbon on the catalyst due to heavy components



FPO7-0211-00 w |l be accelerated, tending to |lower the activity. The
boiling point according to the invention is the value neasured by the nethod
described in JIS K 2254 "Distillation Test Method" or ASTM D86. [0029] The
hydrorefining method of the invention uses a catalyst 5 conprilRGiG021d200i er
contai ning a porous inorganic oxide conposed of two or nore el enents

sel ected fromanong alum num silicon, zirconium boron, titanium and
magnesi um and at | east one netal selected fromanong el enents of G oup 6A

carrier of T SSaersBRER: ey BRbR AROE AT oRBABE CERGIBtngopgBiC oxi de

conposed of Eé’&dﬁ{g rqa;%hs' RS 5 e Vali TheBTRAA ByTheMetfibd) Fho

Zlrconi um oron nrum ana magnesi um as nen t he

i ewpol it oficfeiiid bl 1 kussd ﬁglﬁnnﬁmq‘ LEMIAABAR S PRINYEGY and

desulfurlzatlon actlv porous” i norgani' c oxide is preferably that

of two or npys e'?ﬁéeﬁ’y&fo%'ﬁn?{g)@ﬂeﬁoﬂmo? e %% &50h ﬁerscgnéé’[ﬁ]ars?oron

t1tani um an nesi um and 1 S nore pretreraply an |norgan|c X1 de

conpsi sing @61‘1‘1?1‘1(} %“@arrféﬁ‘gfoltﬁ %%%Eeﬁt?rcﬁr% 1?1% élﬁé &E‘i'd@ecd%ﬁg él{’b?“m oxi de

and anot her 20 [ 0031 in e catal yst u or the
I nvention 'ﬁw@r%i:e"rﬁ&ley el@ﬂﬁn@@”ﬁlﬂééﬂeﬂg ﬂéﬁﬁSteﬁhlghgt AMRBEHST sAic¢es. The

crystalline nolecular sieves preferably I nclud [ east sflicon rn order

to inpart sitbhitkeNbodyA! aame el | @RpAekiuv tandng [adt QiOTRElaZat i on
activity. The crystalli ne nol ecul ar si eves al so preferably contain at |east

o o o LR S Bk epenayioheiony 4 Mrozas) et g an
Periodic Table supported on the carrier.

10 [0030] The carrier of the catalyst used for the invention is a porous
inorganic oxide composed of two or more elements selected from
among aluminum, silicon, zirconium, boron, titanium and magnesium,
as mentioned above. From the viewpoint of permitting further
enhanced deoxygenation activity and desulfurization activity, the

15 porous inorganic oxide is preferably that of two or more selected from
among aluminum, silicon, zirconium, boron, titanium and magnesium,

and it is more preferably an inorganic oxide comprising aluminum and

another element (a complex oxide of aluminum oxide and another

oxide).
20 [0031] The carrier in the catalyst used for the invention is preferably
one comprising crystalline molecular sieves. The crystalline

molecular sieves preferably include at least silicon in order to impart
sufficient hydrodeoxygenation activity and hydroisomerization activity.
The crystalline molecular sieves also preferably contain at least one
25 from among aluminum, zirconium, boron, titanium, gallium, zinc and

phosphorus as constituent elements other than silicon, and more

10



FPO7-0211-00 preferably contain at |east one from anong al um num
zirconium boron, titanium and phosphorus. Crystalline nol ecul ar sieves
cont ai ning these el enments can sinultaneously pronote hydrodeoxygenation
reacti on and hydrocarbon chain isonerization 5 reaction, whilgq%i?%ﬁg
sufficiently inproving the |ow tenperature performance of th I A'%QI.
Such crystalline nolecular sieves are preferably zeolite, and nore
preferably zeolite containing silicon and alumnum i.e. alumnosilicates.
[0032] As regards el enents other than oxygen anong the elenments 10

conposi ng t peeferghslyyabbitaén n@l éeagtaonsi fvas, athbagr ahirgirfmsizitcaium,t h
respect to constituent el enents other than oxygen and silicon (nunber of

si li con at obetomnttétanafmatamd phospleomest s Chestaliinen molgaiaandieves! i con) is
preferably 3 or greater, nore preferably 10 or greater and even nore

pref erably 8ontinimgeat ¢hesd f telemeats o ican essimultandoudly degronusietion of
paraffins will be pronoted and activity nmay be reduced due to coking.

[ 0033] The hydeodioxygieaationf reduionr yancﬁl hydrecanhar utlains isvmsrization
preferably no greater than 0.8 rimand even nore preferably no greater than
0. 655nm | f reaeéionor evhilenalser sudfieiamtlyat imprdwing0 tBe r lovv ganygiecraturgo
deconposition reaction may occur. The crystal structure of the crystalline
nol ecul ar spexfesmascad thertefingdapily ¢rytstallingrnmoldadar mwyestagenment i oned
FAU, AEL, M, MWV TON, MIW *BEA and MOR as structures established by the
| nt er nat i onprefeeahlytzeodependimene rofmablyrreolite kontaining silivesi andg t he
crystalline | ecul ay si_eves gﬁ'S for the catalyst used for the invention is
not particuf mWW@sl-‘?-i%ltlgH,ﬂO W$alehere may be used hydrothermal synthesis

t hod ' 11
et hods errph%/éﬁg As regards elements other than oxygen among the elements

10 composing the crystalline molecular sieves, the ratio of silicon with
respect to constituent elements other than oxygen and silicon (number
of silicon atoms/number of atoms of elements other than oxygen and
silicon) is preferably 3 or greater, more preferably 10 or greater and
even more preferably 30 or greater. If the ratio is less than 3,

15 decomposition of paraffins will be promoted and activity may be
reduced due to coking.

[0033] The pore diameters of the crystalline molecular sieves are
preferably no greater than 0.8 nm and even more preferably no greater
than 0.65 nm. If the pore diameters are greater than 0.8 nm, paraffin

20 decomposition reaction may occur. The crystal structure of the
crystalline molecular sieves is not particularly restricted, and there may
be mentioned FAU, AEL, MFI, MMW, TON, MTW, *BEA and MOR
as structures established by the International Zeolite Association.

[0034] The method of synthesizing the crystalline molecular sieves

25 for the catalyst used for the invention is not particularly restricted, and

there may be used hydrothermal synthesis methods employing

11



FPO7-0211-00 constituent conponent starting nmaterials and am ne conpounds
as structure-directing agents, as is known in the prior art. As exanples of
constituent conponent starting materials there nay be nentioned, as

si licon-contai ning conpounds, sodiumsilicate, colloidal sili nd 5
silicic acid al koxides, and as al um num cont ai ni ng conmpounds, dﬁbﬁpﬂ&HQo
hydr oxi de and sodi um al um nate. Tetrapropyl ammoni um salts nmay be nentioned
as structure-directing agents. [0035] The crystalline nolecul ar sieves nmay
have their properties nodified, if necessary, by hydrothermal treatnent

using steam@iistitient Kdrhpéentd¥tarither sibrikleahdeRminet BoApldd! hge or
aci di ¢ aqueous solution,” by ion exchange or by surface treatnment using a

basic or asirdtturgdMretioly ageis] asiio&kndaen ¢h theTPHoRartandA§ ushnipleat ment s

may be carried out alone or in conbinations of nore than one. [(0036] As

structural oftenstifuenptomiporent atarsinguseterixls thére maydw mhtioned, 45 addition
to crystalline nolecular sieves, there may be nentioned inorganic oxides

conpri sing silievantontaglingt ednfpoemdsroswglinhuilicate, colloidah, sifitacand um
boron, titani umand magnesium Since these inorganic oxides are used as
bi nd&rs for siliwlicli agidf alkoxsdes, | iamel aol ahuhia:rum#mrﬁsinm% goswpdunds,i on as
active conponents to pronpte 20 hydrodeoxygenation and hydroi soneri zation,
t hey pref er ahimyintumthydroxide and sodiene| duannates el Betraprdpydamanomgnal uni num
silicon, zirconium boron, titaniumand magnesium [0037] The content of
crystal | i nesattsd mayl be mengiosed as sthectuot-directingl agemts.i s preferably 2-90 % by
mass, nore preferably 5-85 % by mass and k6 25 even nore ﬁrpferably 10-80 % by
mass based PHITe The atryatadline” wiolecidar sievess tmay fhavee theint prapartiekess t han
2 %by nmass, the 12 .
modified, 1f necessary, by hydrothermal treatment using steam or the
10 like, by immersion treatment with an alkaline or acidic aqueous
solution, by ion exchange or by surface treatment using a basic or
acidic gas such as chlorine gas or ammonia, and such treatments may
be carried out alone or in combinations of more than one.
[0036] As structural materials of the catalyst used for the invention, in
15 addition to crystalline molecular sieves, there may be mentioned
inorganic oxides comprising elements selected from among aluminum,
silicon, zirconium, boron, titanium and magnesium. Since these
inorganic oxides are used as binders for molding of crystalline
molecular sieves and also function as active components to promote
20 hydrodeoxygenation and hydroisomerization, they preferably contain
two or more elements selected from among aluminum, silicon,
zirconium, boron, titanium and magnesium.
[0037] The content of crystalline molecular sieves in the total catalyst
is preferably 2-90 % by mass, more preferably 5-85 % by mass and
25 even more preferably 10-80 % by mass based on the total amount of

the catalyst. If the content is less than 2 % by mass, the

12



FPO7-0211-00 hydrodeoxygenation activity and hydroi sonerization activity of
the catalyst will tend to be reduced, while if it is greater than 90 % by
mass the catalyst noldability nay be reduced, creating an obstacle to

i ndustrial production of the catalyst. 5 [0038] As regards thd&RA7-021drG0
materials of the catalyst used for the invention in addition to crystalline
nol ecul ar sieves, there are no particular restrictions on the nethod of

i ntroducing the silicon, zirconium boron, titaniumand nagnesi um as

consti tuent Hf'dﬂ?é%%ﬁf | ki | ri ean utions
cont ai ni ng. Pﬁese 1 gleghmﬁﬁ?séén@tﬁe&&mfgﬁs@%%??%gaﬁmégﬁlg s&f ?:?,% exanpl e,
si licic acigatg] tv?ill@n@%békédt&%d?%hﬂ’eﬂﬁ’ﬁ*i‘@g&éégérf%}h9ﬂ %f’cﬁﬂnfa‘éé silicon,
boric acid my be used for boron, phosphoric acid or a phosphoric acid

al kali  metge Sc%&élm)&nbﬁlalﬁﬁﬁyfm&yp@ésﬁé&ﬁéﬁd, E}%ﬁ@g%%ﬁétﬂﬁea@@dt '1; ani um

tetrachl ori de and i r al koxi'de salts may be 'use titanium an

zi rconi um sﬁ{d@tﬁap@@dﬂcﬁoﬁld@@ﬂe@t&%t_s may be used for zirconium [0039]
The carrier constituent conponent starting nmaterials other than alum num

oxi d§ are p[EI38jabAy redarit the arettepalpmiateridle ofajhel citabysefuskleforqheri er. For
exanple, after first adding the starting materials to an al um num agueous

sol ution, amwntivrum hydition de ggfstaldimeaimoleguldresikfesonBétd ueatngonponent s
may be prepared and the starting naterials added to the prepared al um num
hydr oxi de gphrticilaer ratriotidrys ohethestmethod ofit aitredscingy the siditesh,in a step
of adding a commercially available alum num oxide internediate or boehmte
powder to watreonium, dworenj ditenammeand mapnesiom sasd congtitlien, elenientsr e
preferably they are 25 included at the stage of preparing the al um num
hydr oxi de gether thanhehghimive iméethai sarriey, whidcsolubiensf éemdaming thesecarri er
constituent 13
10 elements may be used as starting materials. For example, silicic acid,
water glass, silica sol and the like may be used for silicon, boric acid
may be used for boron, phosphoric acid or a phosphoric acid alkali
metal salt may be used for phosphorus, titanium sulfide and titanium
tetrachloride and their alkoxide salts may be used for titanium, and
15 zirconium sulfate and its alkoxide salts may be used for zirconium.
[0039] The carrier constituent component starting materials other than
aluminum oxide are preferably added in a step prior to calcining of the
carrier. For example, after first adding the starting materials to an
aluminum aqueous solution, an aluminum hydroxide gel containing the
20 constituent components may be prepared and the starting materials
added to the prepared aluminum hydroxide gel. Alternatively, the
starting materials may be added in a step of adding a commercially
available aluminum oxide intermediate or boehmite powder to water or
an acidic aqueous solution and kneading, but more preferably they are
25 included at the stage of preparing the aluminum hydroxide gel.

Although the mechanism by which the effects of the carrier constituent

13



FPO7-0211-00 conponents other than alum num oxide are exhibited is not
conpletely understood, it is believed that conplex oxides are forned with
alumnum and that this affects the activity by increasing the carrier
surface area and causing interaction with the active netals. 5FP0@4811a00

| east one netal selected fromanong el enments of G oup 6A and G oup 8 of the
Periodic Table is supported on the carrier containing crystalline nolecular
sieves. Anmong these netals it is preferred to use at |east one netal

sel ected fre t£Sthé thaRhluhfinun¥xidd aﬁ%d%iteagg fddt éo%nn]gré%aypf eferred
cte rom anong

to use a conbination of two or 10 nore netals sele he above.

As exanpl esygilertbgderitets dastuvedt ithas ddiRpRxTBYxides TBAL | PRt Pd- 1T,
Pd-Rh, Pd-Au, Pd-Ni, Pt-Rh, Pt-Ir, Pt-Au, Pt-Ni, Rh-Ir, Rh-Au, Rh-N,

Ir-Au, I r- Btumfividi anld tHdr, thRel-aPfedi ,thEChdﬂvitB{ bzhﬁld?éasﬂhg'\ihe OBfrier
preferred are the conbinations Pd-Pt, Pd-N, -Ni, Pd-Ir; Pt-Rh, Pt-1r, 15

Rh-Ir, Pd- Psufface Bde®und rcaasidhgHntdidetion it thy eetivergeilef erred are the
conbi nations Pd-Pt, Pd-Ni, Pt-Ni, Pd-Ir, Pt-lr, Pd-Pt-Ir and Pt-Pd- Ni.

[0045] The {0040] cditleast mic mﬂtalval@t&tadlfsomﬁdn%reléh@mﬁbﬁl(‘mhpr@As i's
preferably 0.1-2 %by mass, nmore preferably 0.2-1.5 % by mass and 20 even
nore prefer anty (Grompl. 8 66 henmPesioasc n¥ables.is| suppertedt ah thadtagieront ent  of
metals is less than 0.1 % by nmass, the nunmber of active sites will be
reduced and contamingarysiallpos siibleeular shtvesn  Aunidrigithase anetals tig. isOn t he
other hand, if it is greater than 2 % by mass the netals will fail to
ef fecti vel y piekpeadsty usemdileast tamepmetalnselectetli roenamag Bd; Pej R, fir,om bei ng
obt ai ned. [0042] There are no particular restrictions on the nmethod of
i ncl udi ng 2w, Ni and Mo, and it is more preferred to use a combination of two or
10 more metals selected from among the above. As examples of
preferred combinations there may be mentioned Pd-Pt, Pd-Ir, Pd-Rh,
Pd-Au, Pd-Ni, Pt-Rh, Pt-Ir, Pt-Au, Pt-Ni, Rh-Ir, Rh-Au, Rh-Ni, Ir-Au,
Ir-N1, Au-Ni, Ni-Mo, Pd-Pt-Rh, Pd-Pt-Ir and Pd-Pt-Ni. More
preferred are the combinations Pd-Pt, Pd-Ni, Pt-Ni, Pd-Ir, Pt-Rh, Pt-Ir,
15 Rh-Ir, Pd-Pt-Rh, Pd-Pt-Ir and Pt-Pd-Ni, and even more preferred are
the combinations Pd-Pt, Pd-Ni, Pt-Ni, Pd-Ir, Pt-Ir, Pd-Pt-Ir and Pt-Pd-
Ni.
[0041] The total content of active metals based on the catalyst mass is
preferably 0.1-2 % by mass, more preferably 0.2-1.5 % by mass and
20 even more preferably 0.5-1.3 % by mass as metals. If the total
loading content of metals is less than 0.1 % by mass, the number of
active sites will be reduced and it may not be possible to obtain
sufficient activity. On the other hand, if it is greater than 2 % by mass
the metals will fail to effectively disperse, tending to prevent sufficient
25 activity from being obtained.

[0042] There are no particular restrictions on the method of including
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FPO7-0211-00 the active netals in the catalyst, and any known nethod that
I's coormonly applied for production of desul furization catalysts may be
used. For nost cases, the preferred nethod is one in which the__cat alf/st

carrier is inpregnated with a solution containing a salt of thEP87:21180
metal . Equilibrium adsorption nethods, pore-filling nmethods and
I nci pi ent-wet ness nethods are al so preferred. For exanple, pore- filling is

a method in which the pore volume of the carrier is first nmeasured and a
metal salt | % | Syiep ' ﬁl%gﬁ [ :‘Lhe

| npregnat i O?\H%ﬂgﬂa iq{s]ein%%: %ﬁr ?cu %WS;F’ rest ?‘?13{ Zaél,ovglgpan ‘?anp?{é%niagt I on may
be accompl | eBaHnBAIR ApPRRLORS A af fqekul fuigafiBhatath RAM tent and
catal yst carrier pr%pg ties. 1r[ 043] The act iSl\J}e rrgtaal sa‘::arlzht he Elgetl)gl(?&st used

for the inveapdon rgre mﬁtet:@g@plmesgiaéf%%&ld_nﬁahbad&@tdﬁw ih" GHiERthebef ore
being provided to the reaction. The reduction treatnment 1s not particularly

restricted, céﬁal?ﬂdcmfﬁcﬂsiiﬂ’(ﬁ})ﬂﬁgha’éﬁﬁdﬁqﬂpﬁpédlﬁﬂéﬁ dOhthitRBE EBAlt AT the
nder “a hy

tenperature of ~200-400C u rogen stream The reduction treatnent is

prefgrably eativeemetall iBquilibhge adsorpfioadhfethdds,t pere-fitlis irmethddanper ature
I s bel ow 200C, reduction of the active netals wll not proceed adequately,

and the hydapdeoxygienttieinesnchetilody dreoakonseifaaéd.on Fagtaxantiplepyraot be
satisfactorily exhibited. If the reduction tenperature is above 400C,

aggr egat i on fillinghes actrietkodeinaishichi the perepnaininedof whiectamier & fiostpr event
sufficient activity from being exhibited. [0044] \Wen the active netals of

t he cat al ystnessenied cand lenisizksaltosolufidnaot the samee reduned istused, farhe car bon
nmonoxi de adsorption per gramof catalyst is preferably 0.003-0.05 nmol,

nmor e pref er abipregnaldsa.0. Ohe infpregnation method 1s not particularly restricted,

10 and impregnation may be accomplished by an appropriate method for
the metal loading content and catalyst carrier properties.

[0043] The active metals in the catalyst used for the invention are
preferably subjected to reduction treatment before being provided to
the reaction. The reduction treatment is not particularly restricted,

15 and reduction may be accomplished by treatment at a temperature of
200-400°C under a hydrogen stream. The reduction freatment is
preferably carried out in a range of 240-380°C. If the reduction
temperature is below 200°C, reduction of the active metals will not
proceed  adequately, and the  hydrodeoxygenation  and

20 hydroisomerization activity may not be satisfactorily exhibited. If the
reduction temperature is above 400°C, aggregation of the active metals
will be promoted, which may also prevent sufficient activity from
being exhibited. |
[0044] When the active metals of the catalyst used for the invention

25 are in the reduced state, the carbon monoxide adsorption per gram of

catalyst is preferably 0.003-0.05 mmol, more preferably 0.005-0.04

15



FPO7-0211-00 mml and even nore preferably 0.009-0.03 nmol. If the
adsorption is less than 0.003 mml the netals will becone aggregated,
tending to reduce the nunber of active sites. On the other hqﬁﬂ g{ th8
adsorption is greater than 0.05 mmol, the activity wll tend OE 211-00
progressively 5 reduced as the reaction proceeds. The carbon nonoxi de
adsorption may be neasured by an ordi nary neasuring nethod with the

catal yst supporting the reduced netal. Specifically, it may be determ ned

by the pul sengbldnddedén ¢oms gfﬁfei’éﬁlyr@O@L@.% ARSI, Lﬁg%%: Bdséiptioned

anount of catalyst at 350C under a hydrogen stream an Ing to 10 50C

[0045] Accoigligg thant(he0B nuaivli the matdy avid] E_@é(ﬂh&%_i%grégmﬂiikéﬂ(ﬁhg&o cat al yst
or inactive filler may be used if necessary in addition to the Ccatalyst

(hydrorefi nigdueetil vaber bactike sitespPoBn die bileptiara, iftheshdstaptiopor ti on
flowwng in with the oil to be treated, or supporting the 15 hydrorefining

catal yst i nisegpeatat dage@.05onanol, theeactiviay wwill hedd tdhbseprogryssheclysed

ei ther alone or in conbinations. [0046] The conditions for contacting the

oi | Po be treduesl wstthet feactioat ptocsedin (e padsanoeondxidedadgaptione a
hydrogen pressure of 2-13 MPa, a liquid space velocity (LHSV) of 0.1-3.0
h-1 and a hymrypdenmeasud bytdm oodinksp-rhsauring method witibthe aataidstogen
pressure of 2-13 MPa, a |liquid space velocity (LHSV) of 0.1-3.0 h-1 and a
hydr ogen/ oi suppoitngthe 2sduasbemeatal.L, Specidicallyt et ady ba detdrmieed pyessure of
2.5-10 MPa, a |liquid space velocity of 0.5-2.0 h-1 and a hydrogen/oil ratio
of 300- 1200thaupulse anethede ar monstantereliube ymethod adige rednesrgime fized3- 8 MPa,
a 25 space velocity of 0.8-1.8 h-1 and a hydrogen/oil ratio of_ 350-1000

NL/ L. Theseasuntntt ¢bestadys al B50ACrwrderan fhawtrpgen tshecane aed epolingdod for 16

10 50°C.
[0045] According to the invention, a guard catalyst, demetallizing
catalyst or inactive filler may be used if necessary in addition to the
catalyst (hydrorefining catalyst), for the purpose of trapping the sludge
portion flowing in with the oil to be treated, or supporting the
15 hydrorefining catalyst in separated sections of the catalyst bed. These
may be used either alone or in combinations.
[0046] The conditions for contacting the oil to be treated with the
catalyst in the presence of hydrogen are a hydrogen pressure of 2-13
MPa, a liquid space velocity (LHSV) of 0.1-3.0 h™ and a hydrogen/oil
20 ratio of 150-1500 NL/L, preferably a hydrogen pressure of 2-13 MPa, a
liquid space velocity (LHSV) of 0.1-3.0 h™ and a hydrogen/oil ratio of
250-1500 NL/L, more preferably a hydrogen pressure of 2.5-10 MPa, a
liquid space velocity of 0.5-2.0 h! and a hydrogen/oil ratio of 300-1200
NL/L, and even more preferably a hydrogen pressure of 3-8 MPa, a
25 space velocity of 0.8-1.8 h' and a hydrogen/oil ratio of 350-1000

NL/L. These conditions are all factors affecting the reactivity, and for

16



FPO7-0211-00 exanple, I f the hydrogen pressure and hydrogen/oil ratio are
below the lower |imts nentioned above, the reactivity nay be reduced or the
activity may rapidly decrease. On the other hand, if the hydrqge pressure
and hydrogen/oi|l ratio exceed the upper linits mentioned 5 ab 71021&d90be
necessary to nake a significant investnent for a conpressor or other

equi pnent. Also, a lower |iquid space velocity wll tend to favor the
reaction, but if it is belowthe lower limt nentioned above it will becone

t
Doceeeary « ExlnBIa. e the FRRORER kit pHaN drBRIRIT RN ahe KEloWTRED
i qui d spacpwel Oighity rﬁéﬁﬁéﬂédtélﬁwboﬁ% réa'cﬁ‘vﬁt?r”ﬁﬂégl PRefedR@YEr A€ reaction

may not proceed to a sufficient degree. [0047 t enperature condltlons

for cont aCtaélei‘tﬁem@ 'rafrgﬁdBE deceadsed @AMGheabfietShahd ‘if‘?hé’ B%
hydr ogen are 150-380 15 tenperature is preferably 170-360 and nor e

preferably ?é?ssﬁﬁé)%ndl hyidreg é@@iﬁ)lerraﬁarexwedo@h@ ﬁé&chrﬁﬁ@ aeaKpaegat i on

activity will tend to belnsuff|C|ent is above 380C the oil to

be tfeated ubble, itefshyt cbeuneeé@erXt@emkee adgfgﬁrﬁ@_ant igfesthfe@i efr howeri ng
the yield of fractions useful for production of liquid fuel (for exanple,

fractions gomprésson @ootheigeagﬂpmeﬁtemrs@; W bwendryued spade 3al6eity[ 0048]

The form of reactor used may be a fixed bed system =~ Specifically, the
syst em enpl osiHdteral tbefavoratiormenetivh, ydr doénis rbeloounher loweare himior

cocurrent flow with respect to the oil to be treated. Also, a plurality of
react ors mayndmiomeedabove it wilh beptme inegefary donprervide merdactordwidcar r ent .
The nost comon formis a downflow, and a gas-liquid cocurrent flow system
may be enpl wyedlarfeeinternalovoluhie and significant investment for equipment
10 may be necessary, while if the liquid space velocity exceeds the upper
limit mentioned above, the reaction may not proceed to a sufficient
degree.
[0047] The temperature conditions for contacting the oil to be treated
and catalyst in the presence of hydrogen are 150-380°C. The
15 temperature is preferably 170-360°C and more preferably 220-350°C.
If the temperature is below 150°C, the deoxygenation activity will tend
to be insufficient, while if it is above 380°C the oil to be treated will
tend to undergo excessive decomposition, thereby lowering the yield of
fractions useful for production of liquid fuel (for example, fractions
20 with a boiling point temperature range of 250-350°C).
[0048] The form of reactor used may be a fixed bed system.
Specifically, the system employed may be in a form with hydrogen in
countercurrent or cocurrent flow with respect to the oil to be treated.
Also, a plurality of reactors may be used in a form combining

25 countercurrent and cocurrent. The most common form is a downflow,

and a gas-liquid cocurrent flow system may be employed. The reactor

17



FPO7-0211-00 may consist of a single one or a conbination of nore than one,
or the interior of a single reactor may have a structure that is partitioned

into multiple catal yst beds. [0049] The hydrorefined oil whi ﬁf‘l Bgs geen
hydrorefined in the 5 reactor is then subjected to a gas-1liq B 1laPPon

or rectification step for fractionation into hydrorefined oil conprising
prescribed fractions. For exanple, it is fractionated into a gas oi
fraction and residual fraction. If necessary it may be further fractionated -

into the gasay banbishaffd sigldl@Bnanst & oaskiationast hitte thaldid, &t @ t he
produced 10 |i'ght hydrocarbdon fraction may be reforned wth a 'steamreforner

to produceittediopaeia stiEeredttonenap tediece diuttigdeciha iPERRIon&d iftar bon
neutral because the starting material used for the steam reform ng consists

of bi onass-ﬁmliti\;ﬂ@lcbm gsiclesdzons, and therefore the environnental burden is
reduced. Reaction of the oxygen and sul fur 15 portions of the oil to be

treated may[0@42f clipahyedotfingdnaibhtwhithothascdebonhydraxetided dardhen

di oxi de, hydrogen sulfide and the |ike, but a gas-l1quid separation
appabat us oreautbeis tyerpsobijectedyts argamlighid sppanationsomegctifecativet sieped
between a plurality of reactors or in the product recovery step. The gas
portion frofomfitachiomatipnaicdte thygzerefthadheiloemmprising pdedeyitedofraptiodsict gas
renoval apparatus may be conbined with the oil to be treated and recycled
for use. |t Fonyesamplebe isdthcifonated iateasigay oble fragtiongandpresidyalof  t he
gas using a_nenbrane separation apparatus or pressure swi ng adsorption
appar atus Jkachionearlfy necessaryfit binaydbagfuther thractimnated isto ttheagesl. The 25
concentration of carbon nonoxjde in the recycled gas is preferably no

greater thanaphtha, dragtion andr kernsenerfiBeiiono gk eparsion: phrthe. pradiowd 18

10 light hydrocarbon fraction may be reformed with a steam reformer to
produce hydrogen. The hydrogen produced in such a manner is
carbon neutral because the starting material used for the steam
reforming consists of biomass-derived hydrocarbons, and therefore the
environmental burden is reduced. Reaction of the oxygen and sulfur

15 portions of the oil to be treated may be accompanied by generation of
carbon monoxide, carbon dioxide, hydrogen sulfide and the like, but a
gas-liquid separation apparatus or other by-product gas removal
apparatus may be installed between a plurality of reactors or in the
product recovery step. The gas portion from which by-product gas

20 has been removed by a by-product gas removal apparatus may be
combined with the oil to be treated and recycled for use. It may also
be used after increasing the hydrogen purity of the gas using a
membrane separation apparatus or pressure swing adsorption apparatus
at an early stage of blending with the oil to be treated. The

25 concentration of carbon monoxide in the recycled gas is preferably no

greater than 0.5 vol% and more preferably no greater than 0.1 vol%
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FPO7-0211-00 fromthe viewpoint of maintaining catalytic activity. [0050]
Hydrogen gas is usually introduced through the inlet port of the first
reactor adjoining the oil to be treated either before or after éBae heat i ng
furnace, but hydrogen gas may al so be introduced separately 5 B @H11-00
catal yst beds or between nultiple reactors, in order to control the
tenperature in the reactor while maintaining hydrogen pressure throughout
the entire reactor. Hydrogen introduced in this nmanner is generally

referred to fP&n"tﬁEQﬂEﬂg@W@ﬂﬂﬂﬁntaﬁﬁﬁjgﬁaﬁ%fci?Q]gi\giﬁlf.quench hydrogen with

respect to hydrogen gas introduced ad to 10 be treated is

preferably 10060] velydrapen n@iseidtishAlR hirodbcdd th%l\%/\%lll Ithé ihha ﬁéﬂmﬂg ion of

guench hydrogen 1s lI'ess than 10 vol %the reaction often fail t

adequat el y phedretiredcténadfoiniis gz 61ltte bartrehfed shsehefitt citfss thlend if the
proportion of quench hydrogen is greater than 60 vol% the reaction may not

proceed adedi¢atiabyfureace,! bet hededgen ghb maleilsodsd infro@bddd \Vbparaely

hydrorefi ned oil produced according to the invention is used as a gas oil

fracti on st bekwetheatdlystbadsionbestvetrantltiplérreations, inmbtderaobeodtrsld poi nt
of 260-300C, preferably wth a sulfur content of no greater than 10 ppm by

nmass and anthaygerparantrenin dhe meagroratdile? ainainin® Wedrggen spressures
preferably a sulfur content of no greater than 7 ppm by mass and an oxygen
content of rnhroyghaudrthe reantire.1@aesdry Hpdmgeanthtevdircedoinethis ahanadét s Wi th a
sul fur content of no greater than 3 ppm by mass and an oxygen content of no
great er t hagedepally pgfernedsto. as fquanshshydnogead Bhegpropsutivarafsquerehabove t he
af orementioned 25 upper limts, this nmay adversely affect the filter or
cat al yst usdydrageniveidkiresprptie kydragen gasintreducashadpdningethe adl tel | as
ot her structural 19 :
10 be treated is preferably 10-60 vol% and more preferably 15-50 vol%.
If the proportion of quench hydrogen is less than 10 vol% the reaction
will often fail to adequately proceed at the reaction site in the
subsequent steps, and if the proportion of quench hydrogen is greater
than 60 vol%, the reaction may not proceed adequately near the reactor
15 inlet port.
[0051] When a hydrorefined oil produced according to the invention
is used as a gas oil fraction stock, the oil contains at least a fraction
with a boiling point of 260-300°C, preferably with a sulfur content of
no greater than 10 ppm by mass and an oxygen content of no greater
20 than 0.3 % by mass, more preferably a sulfur content of no greater than
7 ppm by mass and an oxygen content of no greater than 0.3 % by
mass, and even more preferably with a sulfur content of no greater than
3 ppm by mass and an oxygen content of no greater than 0.2 % by
mass. If the sulfur and oxygen contents are above the aforementioned
25 upper limits, this may adversely affect the filter or catalyst used in

diesel engine exhaust gas treatment devices, as well as other structural
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FPO7-0211-00 nenbers of engines. [0052] Wien a hydrorefined oil produced
according to the invention is used as a gas oil fraction stock, the ratio
of isoparaffins with respect to nornmal paraffins (isoparaffi %gﬂqrgﬁl
paraffin nmass) anong the 5 paraffins in the fraction is prefeﬁgﬂ&z‘ reast
0.2, nore preferably at least 0.5 and even nore preferably at least 1.0. If
the ratiois less than 0.2, the fraction may not nmaintain a sufficient flow
property in low tenperature environnents, or crystals precipitating in | ow
t enper at ur emesnbérsasf@ndiaesray | ead to problenms as a result of clogging of

di esel 10 engine fuel filtration devices. [0053] The hydrorefined oil
produced acpixijngWhen hehydroesfined dik produdddateording wotthbl iaveationse as a
di esel gas oil or heavy oil stock. The hydrorefined oil may be used al one
as a di esel isyasedas acgasheidyaation stols the batio idf isepaiafiheaditheespat as a

di esel gas oil or heavy oil stock 15 blended with other conponents of stocks
or the Iiketo asrmahparaffinskssopareffen masstwomsaldpdriaéfidsmass )t drmoggshei | and/ or
kerosene fractigons  obtained fromgeneral petroleumrefining steps and the
resi fual frperaffns ishthe frsgtionois prefetahlycateldast Og2,matdredpreftetabdy iatvent i on.
Al'so, a synthetic gas oil or a synthetic kerosene oil may be m xed
therewith, EasiiitandcyenmmaraptefoyablymtdeastrL.Or oJé the ratiotis dessdhanhe |i ke
usi ng so- cal]l e&@"%nt,hetic gas" composed of hydrogen and carbon nonoxi de as
the startin8- r fraction@ey Bohipaintainga sudficiensr fleynprepedy kisr les&ne  oi | s
are characterized by containing virtually no aronati¢c conmponents, being
conposed nalSNpEHUEeRYIEPRMERyH rPcanstHS Praspiteiingtp o gHeppaatae
nunbers. The process for production_qf synthetic,gas nay be %rgl publicly
known pr oceSBVHARMEnthday,dead da) prabjemssas ackesylt ob clogging of diesel

10 engine fuel filtration devices.
[0053] The hydrorefined oil produced according to the invention is
particularly suitable for use as a diesel gas oil or heavy oil stock. The
hydrorefined oil may be used alone as a diesel gas oil or heavy oil
stock, but it may instead be used as a diesel gas oil or heavy oil stock
15 blended with other components of stocks or the like. As other stocks
there may be used blends of the gas oil and/or kerosene fractions
obtained from general petroleum refining steps and the residual fraction
obtained from the hydrorefining method of the invention. Also, a
synthetic gas oil or a synthetic kerosene oil may be mixed therewith,
20 which are obtained by a Fischer-Tropsch reaction or the like using so-
called ”synthetic gas” composed of hydrogen and carbon monoxide as
the starting material. These synthetic gas oils or synthetic kerosene
oils are characterized by containing virtually no aromatic components,
being composed mainly of saturated hydrocarbons, and having high
25 cetane numbers. The process for production of synthetic gas may be

any publicly known process and is not particularly restricted.
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FPO7-0211-00 [0054] The hydrorefining step in which the oil to be treated
IS subjected to hydrorefining according to the invention includes a first
hydr ogenati on step wherein oxygen is renoved to renoval of at least 70 % by
mass of the initial oxygen content in the oil to be treated tﬁgﬁoz_ iqoa
first refined oil, and a second hydrogenation step in which t X
remaining in the first refined oil is renoved to renoval of at |least 95 %
by mass of the initial oxygen content in order to obtain a second refined
oil, the second hydrogenation step preferably being carried out in such a
nmanner that [00®4} aThe bfdroredaragf step wit Whielspthet diD tioo beortrastedhaisaf f i ns

(i soparaffin nmass/nornmal paraffin nass) is at least 0.2 anong the paraffins
in the 150- 38bectadtoilprdrofefinimgs eccordingftonthe irmvientidn indladexyagéinstr enoval
rate in the first hydrogenation step is not at |east 70 % by mass, the

hydr odeoxygéiydrogenaiinn stegr viheoeisr oxygénons remaseidotss rempvabof mt deastd
satisfactorily in the second hydrogenation 15 step. [0055] Either or both
the first hyfr%ybyamiass oftthe iadalsexpgen conpterdgenthe onl tn bp treateddo

hydr oref m ng_net hod of the jnyvention may 2 be carried out hy contacting the
af or ément i 0ed&1B; 3 firgt redinadeail eand @osasions| ydrogesriigarstepan avhichgthe

hydr ocar bon conpound, wth.,a %o at al yst .conprising a carrier containing
crystal | i ne OFYEEBUICHIAIBING &8 thgfarshreliagdioibas regiaeds &9 gemeyal dndtanong

el ements of G o A.and Goup 8.0f. the Periodic Table supported on the
carrier, inl¢at g@é}%@l&%ﬂ)ﬂﬁm @y&aﬁ ONYZENy §9nf@ntﬁaronds% tpjqhfamn a

Chtal yat ot RERORG s Tiogd o Wt ST AGLEPEBRANGBCTED PIUGEDIY e f1rot -
hydrogenatl on S8Rt 18" Sich'S haser dhat Yhe' 2880 B 125%parafﬁns with respect
10 to normal paraffins (isoparaffin mass/normal paraffin mass) is at least
0.2 among the paraffins in the 150-350°C fraction of the second refined
oil. Ifthe oxygen removal rate in the first hydrogenation step is not at
least 70 % by mass, the hydrodeoxygenation and hydroisomerization
reactions may not proceed satisfactorily in the second hydrogenation
15 step.
[0055] Either or both the first hydrogenation step and second
hydrogenation step in the hydrorefining method of the invention may
be carried out by contacting the aforementioned oil to be treated
comprising an oxygen-containing hydrocarbon compound, with a
20 catalyst comprising a carrier containing crystalline molecular sieves
and at least one metal selected from among elements of Group 6A and
Group 8 of the Periodic Table supported on the carrier, in the presence
of hydrogen. That is, either the first hydrogenation step or second
hydrogenation step may be carried out using a catalyst other than the

25 catalyst described above.
[0056] In the first hydrogenation step there are preferably used a
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FPO7-0211-00 porous inorganic oxide conprising two or nore el enments

sel ected from anong alum num silicon, zirconium boron, titanium and
magnesi um and a catal yst conprising one or nore netals (active netals)

sel ected from anong el ements of Group 6A and Group 8 of the FePUdNLIITA0I e
5 supported on the porous inorganic oxide. Preferred active netals are one
or nore elenents selected fromanong Pd, Pt, Rh, Ir, Au, NN and M. [0057]
In the second hydrogenation step, there are preferably used a carrier

con a1 10 GRSl BETRLER Al SHENER O ofeL RGN caRTHEA "0 one

or nore net ect fr'om anon

(preferably hQdi: n the
carrier. Thgﬁgﬁg%@ﬁﬁs@ﬁg@? %1)? @co?gﬁghﬁgg,r J(L)lgaen-rigitﬂl gﬂa;&tﬁ g%ﬁénggng’onsi st of
a single ty j i t : S '

hydr ogenat i gﬁdg{:tc ?E%lfgn%ﬁggﬁﬂgg ggeb%ioggfgﬁgégatls gg. é?ee?ﬁ%tt%g%ﬁeéecl)#t{eﬂe second
hydr ogenat i ﬁ*brﬁtﬁﬁonr% clomeats 6P GroRposA éﬁtﬁ(ﬁbﬁl | & igthePdrisdicerakied oil .

[ Exanpl es] [0058] e present invention wll ndow be explained in greater

detakl  basggpported aties pafsus hitighald ¥RidX anPleferred ddtivemetaldedrgt andi ng
20 that these ‘exanples are in no way limtative on the invention. [0059]

[ Exanpl es 1oaBdh2mdserglemaitsy selexaitipiiom krddng R, RH, B! @narst iaad)

<Catal yst A-1> After adding 185 g of water glass No.3 to 3000 g of a 5 % by
mass 25 so@om al um nate aqueous solution, the m xture was placed in a
vessel that had been heated to 65C. Separately, 3000 g of a 2.5 % by nass

22 [0057] In the second hydrogenation step, there are preferably used a
carrier containing crystalline molecular sieves, and a catalyst
10 comprising one or more metals selected from among elements of
Group 6A and Group 8 (preferably elements of Group &) of the
Periodic Table supported on the carrier. The catalyst used for the
second hydrogenation step may consist of a single type or a
combination of two or more, and a catalyst with hydrogenation activity
15 may also be packed at a later stage of the second hydrogenation step in
order to improve the stability of the refined oil.
[Examples]
[0058] The present invention will now be explained in greater detail
based on examples and comparative examples, with the understanding
20 that these examples are in no way limitative on the invention.
[0059] [Examples 1 and 2, Comparative Examples 1-4]
(Catalyst preparation)
<Catalyst A-1>
After adding 185 g of water glass No.3 to 3000 g of a 5 % by mass
25 sodium aluminate aqueous solution, the mixture was placed in a vessel

that had been heated to 65°C. Separately, 3000 g of a 2.5 % by mass
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FPO7-0211-00 al um num sul fate aqueous sol ution was prepared in a different
vessel heated to 65C, and the sodi um al um nat e-cont ai ni ng aqueous sol ution

was added dropw se thereto. The end point was defined as the tEJ @é &Lch
the pH of the m xture reached 7.0, and the obtained slurry 5 ﬂjr@d i1
filtered through a filter to obtain a cake-like slurry. [0060] The cake-like
slurry was transferred to a vessel equipped with a reflux condenser, and
then 150 m of distilled water and 10 g of a 27% ammoni a aqueous sol ution

were added #laghinben gukfate aguesus Rehitbsh andk Eféparred iata tiffetent ¥6spdurs. The
slurry was then placed in 10 a kneader and heated to above 80C, and kneadi ng

was per f or nieghtedtio |65 (G ramd tig sddivmiabimiatecorhbiming agoeaus Isoketidmeaded

bl end. The obtai ned kneaded bl end was extruded using an extruder into the
cyl i ndri cal whsmdded tdropwisathedreto. of The Enanpoidt iveak defiddd s ftoe tilndbaur and
then cal cined at 550C to obtain a nolded carrier. 15 [0061] After placing 50
g of the nowhech cherpEr of nthe anixtured réadhennddd, hhdsthe iobtamedi shiregnat ed
with nmetals using 35 ml of a m xed aqueous sol ution conprising

t et riani nepl pdduehiids) filketeok thdeugha filtet tcnobiadpal daketliki€ Klyrrehl ori de whil e
deairing with a rotary evaporator. The inpregnated sanple was dried at 110C
and cal ci nel@6®]atTlas oake-diksbslurmry vasdransfened. torhwepichtaquippaedhavigal | adi um

| oading contents for_ catalyst A-1 were 0.5 % by mass and 0.7 %t%y mass,
respect i vel § refuseepndensan ard dhertl hsal offidestilleh avater ands 101@ ofpa epar ed
catalyst A-1 are shown in Table 1, [0062] <Catalyst B-1> 25 A 3000 g portion
of a 5 % by2 HKs AIpmenintaqiaoss selItlon avere d” agdethes mBItULS oWanas pl aced

i |, that had heated. tq 65C. 2
A eSS eated an stPr?gc? at 725 %or 20 hotrs. 3l"he slurry was then placed in

10 a kneader and heated to above 80°C, and kneading was performed
while removing the moisture to obtain a clay-like kneaded blend. The
obtained kneaded blend was extruded using an extruder into the
cylindrical form with a diameter of 1.5 mm, dried at 110°C for 1 hour
and then calcined at 550°C to obtain a molded carrier.

15 [0061] After placing 50 g of the molded carrier into a round-bottomed
flask, it was impregnated with metals using 35 ml of a mixed aqueous
solution comprising tetramineplatinum(II) chloride and
tetraminepalladium(Il) chloride while deairing with a rotary
evaporator. The impregnated sample was dried at 110°C and calcined

20 at 350°C to obtain catalyst A-1. The platinum and palladium loading
contents for catalyst A-1 were 0.5 % by mass and 0.7 % by mass,
respectively, based on the catalyst mass. The propetties of the
prepared catalyst A-1 are shown in Table 1.

[0062] <Catalyst B-1>
25 A 3000 g portion of a 5 % by mass concentration sodium aluminate

aqueous solution was placed in a vessel that had been heated to 65°C.
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FPO7-0211-00 Separately, 3000 g of a 2.5 % by mass al um num sul fate aqueous
solution was prepared in a different vessel heated to 65C, and the sodium
al um nat e aqueous sol uti on was added dropwi se thereto. The end point was
defined as the tinme at which the pH of the nixture 5 reached 7FB07:0:1%-08
obtained slurry product was filtered through a filter to obtain a cake-like
slurry. [0063] The cake-like slurry was transferred to a vessel equipped
with a reflux condenser, and then 150 m of distilled water and 10 g of a

clirred ar egaenyooen, € ol 2 AP hs AN Gl Mneahe, and

stirred at 0 hour The urry-was then place nea

heat ed to aheieriGRGuadistelBRAdiN G RS PLHBH hettid Qo G5my! gt it i sture

to obtain a clay-like ded bl end. The obtai neade end was

extruded usisadiamd ghubtivdes aé}@é&ﬁ §6lution wad ddeal d@gm/méttﬁe&téﬁ amgfeer of 1.5
mm dried at 110C for 1 hou 15 and then calcined at 550C to obtain a

mol ded carriggid pb@@bHasAlefned! acilig thledatowHibR thel el gfathd ﬂ'iiéitﬁhteo a

round- bottoned flask, it was inpregnated with netals using 35 of a m xed

aquedus  solrebelosd Gobpandi e dbtaihedastungpbasdueinias) fitkeged through a
di ni troam nepal l adiun{l1) while deairing wth a rotary evaporator. 20 The

i mpr egnat ed fskemioeobtam drcake-lite i@ .and then cal cined at 350C to obtain
catalyst B-1. The platinumand pall adium | oading contents for catalyst B-1 -

were 0.5 % HP0683%s Taredcdkerlibe mjumgswas trapspaced velayvedsab eduippadhwithat al yst
mass. The properties of the prepared catalyst B-1 are shown in Table 1. 25
[0065] 24 FROT7efd@t voddenser, and then 150 ml oty distilled water and 10 g of a
27% ammonia aqueous solution were added and the mixture was
10 heated and stirred at 75°C for 20 hours. The slurry was then placed in
a kneader and heated to above 80°C, and kneading was performed
while removing the moisture to obtain a clay-like kneaded blend. The
obtained kneaded blend was extruded using an extruder into the
cylindrical form with a diameter of 1.5 mm, dried at 110°C for 1 hour
15 and then calcined at 550°C to obtain a molded carrier.
[0064] After placing 50 g of the molded catrier into a round-bottomed
flask, it was impregnated with metals using 35 ml of a mixed aqueous
solution comprising dinitroamineplatinum(II) and
dinitroaminepalladium(IT) while deairing with a rotary evaporator.
20 The impregnated sample was dried at 110°C and then calcined at
350°C to obtain catalyst B-1. The platinum and palladium loading
contents for catalyst B-1 were 0.5 % by mass and 0.7 % by mass,
respectively, based on the catalyst mass. The properties of the

prepared catalyst B-1 are shown in Table 1.

25 [0065]
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[ Tabl e 1] Catalyst Catalyst A-1 B-1 A1203 content (% by mass, based on
carrier mass) 64.9 100 Si02 content (% by nass, based on carrier mass) 35.1
Pt content (% by mass, based on catalyst mass) 0.5 0.5 Pd content (% by
mass, based on catal yst nass) 0.7 0.7 Carbon nonoxi de adsor ptfﬁg 00
(mmol / g-catal yst) 0.026 0.055 [0066] (Exanple 1) A first reac Z’Q%ﬂt}e’
(inner dianeter: 20 mm) packed with catalyst A-1 5 (50 m) and a second
reaction tube (inner dianeter: 20 mMm packed wth the sane catal yst A-1 (50
m) were installed in series in a fixed bed circulating reactor. The

cat al yst wagTebknlubjected to reduction treatnent for 6 hours under
conditions with a catalyst layer nean tenperature (reaction tenperature) of

320C, a hydrogen partial 10 pressure of 5 MPaCatatysh Rgelwyen gas vol une of
83 m/mn. |[0067] After reduction treatnent of tAv catd@-ysty pal moil

(proporti on Algd; aAERPIe %y nvsh babdd & deeRér Pl M 6abur B ampng| _
oXygen- Cont&id] Afterf YA R A% Obhskd TP massy S mgﬁjq 5 usefd as an oil for
hydr or ef i nift o GeTS] | vabw b1 d the 15 oxygen
cont ent  was. L} SOHERE (DY, IESS, a,sﬁg;m HAs e br obni g were a
feaction t dRAspaient G hymhbawaanﬁataﬂysﬁwssand &fand &Act|on tubes, a

pressure of (eri®nypenaxidt adseipgon (mwokigsatalysoc| 19.026 0. 8055 1| The vol une
rati o (quench hydrogen proportion) of hydrogen gas introduced between the

first reacti ﬁt@&ﬁ) ond 20 reaction tube was 20 vol % of the total
hydr ogen mt@% (ljéﬁ hydrogen/oil ratio deternmned by the total
hydrogen i ntq oUERS YRS tu%%(hﬁllréﬂ-diameecef:efb' 5 PR AW ' uedRRE A7

5 (50 ml) and a second reaction tube (inner diameter: 20 mm) packed

with the same catalyst A-1 (50 ml) were installed in series in a fixed
bed circulating reactor. The catalyst was then subjected to reduction
treatment for 6 hours under conditions with a catalyst layer mean
temperatﬁre (reaction temperature) of 320°C, a hydrogen partial
10 pressure of 5 MPa and a hydrogen gas volume of 83 mi/min.
[0067] After reduction treatment of the catalyst, palm oil (proportion
of compounds with triglyceride structure among oxygen-containing
hydrocarbon compounds = 98 mol%) was used as an oil for
hydrorefining. The 15°C density of the oil was 0.916 g/ml, and the
15 oxygen content was 11.4 % by mass. The conditions for
hydrorefining were a reaction temperature of 250°C in the first and
second reaction tubes, a pressure of 5.5 MPa and a liquid space
velocity of 0.8 . The volume ratio (quench hydrogen proportion) of
hydrogen gas introduced between the first reaction tube and second
20 reaction tube was 20 vol% of the total hydrogen introduced, and the
hydrogen/oil ratio determined by the total hydrogen introduced was
600 NL/L. The results are shown in Table 2
[0068] (Example 2)
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[ 0068] (Exanple 2) 25 FPO7-0211-00 Hydrorefining was carried out in the
sanme manner as Exanple 1, except that the oil treated was a bl ended oil

conprising 70 parts by volunme of the sane pal moil used in Exnﬁlgﬁkg)i]ela@ 30
parts by volunme of a petrol eumbased desul furized gas oil, a € action

tenperature 5 in the first and second reaction tubes was 260C. The 15C
density of the petrol eum based desul furized gas oil was 0.838 g/m, the

sul fur content was 15 ppm by mass and the initial boiling and end points
vere 211C &hyressiininge spes tdaveey . otthén dives shmeotndrreront Exateld rhated was
0.893 g/mM, the oxygen content was 8.2 % by mass and the sulfur 10 content
was 4.2 ppmekgepathat (heoed] tr¢@edpwaat a \ndectednik compysingr 28 i pairtsy bwas
carried out in the sane manner as Exanple 1, except that catalyst B-1 was
used i nst eadolmeanfabgsante palimiosl neadiin Exampde dhawd 30rpartsobye velums [ 0070]
(Compar ative Exanple 2) Hydrorefining was carried out in the same manner as
Exanpl e 1, ofxcpgirolenal-bared desulfinaed gaserihtand thereactionntemrparatungi ng i n
the first and second reaction tubes was 120C. The results are shown in
Tabl 8 2. 20 fofirst awheeeond reastiprAwbes vags 2007or eflihe hy Galenstyafed out in
the sane manner as Exanple 1, except that the reaction tenperature for the
hydr or ef i ni inetroleur- §$3d1&]ﬁ§uﬁ"lé@8ﬁ@ gas oLl svas OpsP \%@?4@@@.5 results

are shown | %og%‘et%{tewasz lszp%n[l %%7%]as§ gggp[ﬁg ?Ht%/a? b%iﬁlqga%d%nd points were

211°C and 365°C, respectively. The density of the oil to be treated
was 0.893 g/ml, the oxygen content was 8.2 % by mass and the sulfur

10 content was 4.2 ppm by mass.
[0069] (Comparative Example 1)
Hydrorefining was carried out in the same manner as Example 1,
except that catalyst B-1 was used instead of catalyst A-1. The results
are shown in Table 2.

15 {0070] (Comparative Example 2)
Hydrorefining was carried out in the same manner as Example 1,
except that the reaction temperature for the hydrorefining in the first
and second reaction tubes was 120°C. The results are shown in Table
2.

20 [0071] (Comparative Example 3)
Hydrorefining was carried out in the same manner as Example 1,
except that the reaction temperature for the hydrorefining in the first
and second reaction tubes was 400°C. The results are shown in Table
2. |

25 [0072] (Comparative Example 4)

Hydrorefining was carried out in the same manner as Example 2,
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Hydrorefining was carried out in the same manner as Exanple 2, 26
FPO7-0211-00 except that catalyst B-1 was used instead of catal yst A-1. The
results are shown in Table 2. [0073] [Table 2] Exanple Exanpl

Conmp. Conp. 1 2 Ex.| Ex.2 Ex.3 Ex.4 Catalyst Catalyst Catal yEPS%%J@Bp
Catal yst Catalyst Catalyst A-1 A-1 B-1 A-1 A-1 B-1 Treated oil Palmoil

Bl ended oil Palmoil Palmoil Palmoil Blended oil Reaction tenerature,C
250 260 250 120 400 260 Oxygen content, % by mass (based on total

hydr or ef i ne@xe@pPtied.catdlyst B-2 whks dséd Instehd )offéléitélgfgt aant ef‘l"he P@sﬁl@/ mass
(based on total hydrorefined <0.2 <0.2 <0.2 <0.2 <0.2 3.4 oil

(fraction wiaréshopm i TaBle®2.3.9 5.9 5.9 1.5 Yield, :M) %y Napht ha mass
(fraction with b.p. 0.0 0.0 1.1 0.0 10.2 0.0 (based on 80-135C) oil

Ker osene to[BB78fraction with b.p. 0.0 0.0 0.5 0.0 15.5 0.0

[Table 2]
Example | Example Comp. Comp. Comp, Comp.
1 2 Ex. ] Ex. 2 Ex.3 Ex 4
Catalyst | Catalyst Catalyst Catalyst Catalyst Catalyst
Catalyst Al Al B-1 A-l Al B.1
Treated oil Pamoil | P | paimoil | Pamoil | Paimoit | Blended
Reaction temperature, °C 250 260 250 120 400 260
Oxygen content, % by mass
{(based on total hydrorefined <0.2 <0.2 0.4 2.2 <0.2 3.1
oil)
Sulfur content, ppm by mass
{based on total hydrorefined <0.2 <0.2 <02 <0.2 <0.2 34
oil)
CI-C4
{fraction with b.p. 3.1 29 3.9 5.9 5.9 1.5
< 1
Yield,  |onC)
% by Naph@a . .
{fraction with b.p. 0.0 0.0 1.1 0.0 10.2 0.0
mass
80-135°C)
(based on
oil Kerosene
o be (fraction withb.p. | 0.0 0.0 0.5 0.0 15.5 0.0
teated) | 135:250°C)
Gas oil
(fraction with b.p. 82.8 88.2 78.9 65.2 53.1 51.2
250-350°C)
5
[0074] [Examples 3-5, Comparative Example 5]
(Catalyst preparation)
<Catalyst A-2>
In a polytetrafluoroethylene beaker there were combined a
10 commercially available boehmite powder (product of Catalysts &
Chemicals Industrial Co., Ltd.) and silica-alumina powder (product of
Catalysts & Chemicals Industrial Co., Ltd.) in a silicon/aluminum
atomic ratio of 15, distilled water was added, and concentration and
kneading were performed while heating to obtain a clay-like kneaded
15 blend. To the kneaded blend there was added synthesized proton-
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treated) 135-250C) Gas oil (fraction with b.p. 82.8 88.2 78.9 65.2 53.1 51.2
250-350'C) 1 5 [0074] [Exanples 3-5, Conparative Exanple 5] (Catalyst
preparation) <Catalyst A-2> In a polytetrafluoroethylene beaker there were
conbined a 10 comrercially avail abl e boehm te powder (product PQ _Sgﬂl ﬁats
& Chemcals Industrial Co., Ltd.) and silica-alum na powder (% E 0
Catal ysts & Chem cals Industrial Co., Ltd.) in a silicon/alumnum atomc
ratio of 15, distilled water was added, and concentration and kneadi ng were
performed while heating to obtain a clay-Ilike kneaded 15 bl end. To the
kneaded bl erfdrm%SM-\ﬁeéllacmddlmnhmmgitnﬂﬂc patibod0) 23 Aedite 28 K5 DObyf or m
ZSMS5 (silicon/aluminumatomc ratio; 40) as zeolite to 65 % by nmass of the
total cat al y8asshak éhe detadatizlyst hased iva bxisles, wad ther blend wase r The

obt ai ned kneaded bl end was extruded using an extruder into the cylindrical
formwith akaeadeder Tde abtginad kaeadad blendrwas extrudsd mising anaaxdrudesn

cal cined at ,500C to obtain a nolded carri er.@l 0075] After placing 10 g of
the nol ded &Bforthercylmdrical foumawiidy 2 dhameter|afsk ) mmmg &léﬁd@@dé@ﬁgg &l ution

chl 0 de. vad o PrrealRgied k0 Ho ebdia mokicd CATACK of ar y cvapor at or
170G, Tt - vad0bERL AT IESNRC O RO bliemo ded R IntG 2 ToRBC bReREICoNt nt <
of plati numfﬁi%ﬂ, a mixed aqueous solution comprising tetramineplatinum(II)
chloride and tetraminepalladium(II) chloride was poured into the flask
while deairing with a rotary evaporator for impregnation of the metal in
10 the molded carrier, and after drying at 110°C, it was calcined at 350°C
to obtain catalyst A-2. The loading contents of platinum and
palladium in catalyst A-2 were 0.5 % by mass of platinum and 0.7 %
by mass of palladium based on the total amount of the catalyst.
[0076] <Catalyst B-2>
15 In a polytetrafluoroethylene beaker there were combined a
commercially available boehmite powder (product of Catalysts &
Chemicals Industrial Co., Ltd.) and silica-alumina powder (product of
Catalysts & Chemicals Industrial Co., Ltd.) in a silicon/aluminum
atomic ratio of 15, distilled water was added, and concentration and
20 kneading were performed while heating to obtain a clay-like kneaded
blend. To the kneaded blend there was added synthesized proton-
form ZSM-22 (silicon/aluminum atomic ratio: 45) as zeolite to 65 % by
mass of the total catalyst based on oxides, and the blend was further
kneaded. The obtained kneaded blend was extruded using an extruder
25 into the cylindrical form with a diameter of 1.5 mm, dried at 110°C for

1 hour and then calcined at 500°C to obtain a molded carrier.
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palladiumin catalyst A-2 were 0.5 % by mass of platinumand 0.7 % by mass
of palladi um based on the total anount of the catalyst. [0076] <Catal yst
B-2> 15 I n a pol ytetrafl uoroethyl ene beaker there were conbi nng@ 1
commerci ally avail abl e boehnm te powder (product of Catalysts "9[% éé?g

I ndustrial Co., Ltd.) and silica-alum na powder (product of Catalysts &
Chem cals Industrial Co., Ltd.) in a silicon/alumnum atomc ratio of 15,
distilled water was added, and concentration and 20 kneadi ng were perfornmed
whi | e heat i Riptirumbarad padladiap- Weke léadatied 10|god.thEocobtiatdd easidddbl end
there was added synt hesized proton- form ZSM 22 (silicon/al um num atom c
rati o: 45) esrrmrdnithe samé& ey asneatalyst A-Betot alvtain catadystIB-hasEHeon

oxi des, and the blend was further kneaded. The obtained kneaded bl end was
ext ruded usiloaging contentderf Patinann andadladivmir incedtalyst B+ wera Odb et er of
1.5 mm dried at 110C for 1 hour. and then calcined at 500C to obtain a

nol ded car r bErmasef pkimwnrndid.7 ¥ by imess eihpalbadivay basedwendhedatidd on 10 g
of the obtained nolded carrier in the sane manner as catalyst A-2 to obtain
cat aPyst B- 2mMOTHE Oﬂtbé@ia'ﬁﬂjy&'f@nt ents of platinumand palladiumin catalyst

B-2 were 0.5 %_by s of, platinumand 0.7 % by nmass of palladi um based on
t he total gO%%ﬂuﬁng;lyﬁh@-gat alyst. [0077] <Catalyst C 2> After adding 18.0

g of water glass No. 3 3000 of 5 % by ma sodi um I nat e aqueous
sol ution, tPdiEH adding 489 g&fe%amroglﬁsgﬁ%)?’ 1o, 390§ g@qf;a nih);%a DHsEum
sul f at e aqueoys solution that had

een 10 heated to 65 ntil the pH
reached 7.0850 VRIDATG aqUEOMy SSP‘&Q}&&B\ABWPW Mﬁ@ﬁwléefwr)t er to

obtain a cake,ld i6/‘3 ’tsaylr ‘mads aluminum sulfate aqueous solution that had been
10 heated to 65°C, until the pH reached 7.0. The obtained slurry product
was filtered through a filter to obtain a cake-like slurry.
[0078] The cake-like slurry was transferred to a vessel equipped with
a reflux condenser, and then 150 ml of distilled water and 10 g of a
27% ammonia aqueous solution were added and the mixture was
15 heated and stirred at 75°C for 20 hours. The slurry was then placed in
a kneader and heated to above 80°C, and kneading was performed
while removing the moisture to obtain a clay-like kneaded blend. The
obtained kneaded blend was extruded using an extruder into the
cylindrical form with a diameter of 1.5 mm, dried at 110°C for 1 hour
20 and then calcined at 550°C to obtain a molded carrier. The aluminum
content of the molded carrier was 90.1 % by mass as aluminum oxide,
and the silicon content was 9.9 % by mass as silicic acid.
[0079] After placing 50 g of the molded carrier into a round-bottomed
flask, a mixed aqueous solution comprising tetramineplatinum(Il)
25 chloride and tetraminepalladium(II) chloride was poured into the flask

while deairing with a rotary evaporator for impregnation of the metal in
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[0078] The cake-like slurry was transferred to a vessel equipped with a
refl ux condenser, and then 150 ml of distilled water and 10 g of a 27%
ammoni a aqueous sol ution were added and the m xture was 15 heaﬁﬁg f,@fl
stirred at 75C for 20 hours. The slurry was then placed in a Z' ]a'rqg
heated to above 80C, and kneadi ng was perforned while renoving the noisture
to obtain a clay-like kneaded bl end. The obtai ned kneaded bl end was
extruded using an extruder into the cylindrical formwith a diameter of 1.5
nm dried athd moddedrcarriepuandaftendryinenat &l 07Geit whs salihed a0BSHA a nol ded
carrier. The alum num content of the nolded carrier was 90.1 % by nass as
al um num oxitde obtaind cakalyst | Cebn cbheelnading Toatentby ofmphatisursi land ¢ aci d.
[0079] After placing 50 g of the nolded carrier into a_ round-bottoned

flask, a ni pedadijimoinscaialystiGr wwrprQ.8i Ygby emassmrofiglatinumuand 0.7 %5
chloride and tetram ne;i)al | adi un(I.1) chloride was poured into the flask while
deai ri ng wi o maspeippalladaperhesed ondhe; topalcamauntaf the efelysétal in 29
FPO7-0211-0 | ded carrier, and after drying at 110C, it was cal cined
at 390C to iQQQBﬁ @Kﬁmﬂ%%&-z The | oadi ng contents of platinum and

AN T RN L, R A R g
A4 ek W e A o200 RSke s Lo 2 (50,
BRSNS R RS I SR ST SN B
hours under aandi L 088 idk o2HRl Yalal AV Slas TRER sSERERA 200 2
10 treatment for 6 hours under conditions with a catalyst layer mean
temperature of 320°C, a hydrogen partial pressure of 5 MPa and a
hydrogen gas volume of 83 ml/min. The carbon monoxide adsorption
was 0.037 mmol per gram of the reduced catalyst A-2.
[0081] After the catalyst reduction, palm oil (proportion of
5 compounds with triglyceride structure among oxygen-containing
hydrocarbon compounds = 98 mol%) was used as an oil for
hydrorefining. The 15°C density of the oil was 0.916 g/ml, the
oxygen content was 11.4 % by mass, and the sulfur content was less
~than 0.2 ppm by mass. The conditions for hydrorefining were a
20 reaction temperature of 310°C in the first and second reaction tube, a
pressure of 5 MPa and a liquid space velocity of 0.7 h'. The volume
ratio (quench hydrogen proportion) of hydrogen gas introduced
between the first reaction tube and second reaction tube was 20 vol%
of the total hydrogen introduced, and the hydrogen/oil ratio determined
25 by the total hydrogen introduced was 600 NL/L. The results are

shown in Table 3.
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hydrogen gas volunme of 83 nml/mn. The carbon nonoxi de adsorption was 0.037
nmmol per gram of the reduced catal yst A-2. [0081] After the catalyst

reduction, palmoil (proportion of 15 compounds with trigl yceﬁ?gﬁ @é“;@ ure
anong oxygen-contai ning hydrocarbon conmpounds = 98 nol %9 was B i -oi |

for hydrorefining. The 15C density of the oil was 0.916 g/m, the oxygen
content was 11.4 % by mass, and the sulfur content was less than 0.2 ppm by
mass. The conditions for hydrorefining were a 20 reaction tenperature of
310C in the [DDB2] {bdamgpdedd reaction tube, a pressure of 5 MPa and a
liquid space _velocity of 0.7 h-1. The volume ratio (quench hydrogen

proport i on) Hydtorafining yas dantieddoutdn thee weare trhantér s Exaniplen3} ube and
second reaction tube was 20 vol % of the total hydrogen introduced, and the
hydr ogen/ oi lexcept thaterasalyst Bd2 28apyusedénstead ofhgatalygt A -2nt rBhieiceshiteas 600
NL/L. The results are shown in Table 3. 30 FPO7-0211-00 [0082] (Exanple 4)
Hydr or ef i ni gevelv@ain Eableud. i Thereathon menasideagdsxrpiione vas 0dl38ept t hat
catal yst B-2 vvas1 used instead of catalyst A-2. The results are shown in
Tabl 8 3. ThénBWHESHK SFamonl the redvsedicatalysbB-2. 035 5 mol per gram of the
reduced cat Etl ﬁgé B—é. [0 8§£ (Exanmpl e 5) Catalyst G2 (50 ml) was packed
into the fin8P83taéExamplese, catalyst A- 2 (50 ml) was packed into the

s Branpl o Satshist Lo M) Bt rastisnitio e bra rsachag leheoaHanohda do
adsorption \%afS(? mol’)%SWgsrr]%lackgg intd fhe sogcotn reac 1%%e%b%?glgldyhs3}dr8}§ﬁning
was carried out in the same manner as Example 3. The results are
10 shown in Table 3. The carbon monoxide adsorption was 0.038 mmol
per gram of the reduced catalyst C-2.
[0084] (Comparative Example 5)
Hydrorefining was carried out in the same manner as Example 3,
except that catalyst C-2 was used instead of catalyst A-2, the reaction
15 temperature in the first reaction tube was 200°C and the reaction
temperature in the second reaction tube was 310°C. The results are
shown in Table 3.
[0085] (Evaluation of low temperature performance)
The refined oils obtained by hydrorefining in Examples 3-5 and
20 Comparative Example 5 had the fractions lighter than a boiling point of
150°C removed by distillation, and the residues (kerosene gas oil
fractions) were subjected to cloud point measurement according to JIS
K2269 "Testing Method for Pour Point and Cloud Point of Crude Oil
and Petroleum Products". The paraffin contents of the residues were
25 determined by measuring the mass ratio of isoparaffins to normal

paraffins (isoparaffin mass/mormal paraffin mass). The results are
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[ 0084] (Conparative Exanple 5) Hydrorefining was carried out in the sanme
manner as Exanple 3, except that catalyst G2 was used instead of catalyst
A-2, the reaction 15 tenperature in the first reaction tube 0 a

the reaction tenperature in the second reaction tube was 310C&ﬁ§ﬂé4%§§uﬁas
are shown in Table 3. [0085] (Evaluation of |ow tenperature perfornmance)
The refined oils obtained by hydrorefining in Exanples 3-5 and 20
Conparative Exanple 5 had the fractions |ighter than a boiling point of
150C r enovedhbwrdinsTablea3.i on, and the resi dues (kerosene gas oil fractions)
were subjected to cloud point measurenent according to JIS K2269 "Testing
Met hod for POOE6Poi nt and C oud Point of Crude Ol and Petrol eum Products”.
The paraffin contents of the residues were 25 determ ned by nmeasuring the
mass ratio ¢Tabkoppraffins to normal paraffins (isoparaffin mass/norm
paraffin ss). The results are 31 FP07-0211-00 shown in_Table 3. [0086]

[ Tabl e 3] Exanpl e Exanpl e Exanpl e Corfxample 4 Bxdpls | EBasmblest Compi r 5t
reaction tuybe Catal yst Catal yst CatqlysB8 Catlalystk A-2 B-2 CGP G5 Catal yst
in second feaction fube Catal yst CalatyalysCCat @apadist Jatcahar a2 A-2 C 2
Oxygen cont &#talyst Ipkitstieaetion tflgﬁ romfir §3}_2yr edct igi}t tupe 8.P 1|6 é;§I6 6

Catalyst in second reaction tube Cajtilg st Ca];ailzyst CE:EIQYSt Ca(tjzilg st

Oxygen content of product oil

from first reaction tube

(% by mass, based on total 0.9 1.6 2.3 6.6

hydrorefined oil)

Oxygen content of product oil

from second reaction tube

(% by mass, based on total <0.2 <0.2 <0.2 3.8

hydrorefined oil)

Cloud point of hydrorefined oil 1 0 1 2

(°C)

Isoparaffins/normal paraffins

(mass ratio) 1.63 1.38 1.56 0.03

Yield of kerosene and gas oil

fraction (fraction with b.p. 150-

350°C) 72.5 76.5 70.1 69.8

(% by mass, based on feedstock

oil)
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(% by mass, based on total hydrorefined oil) Oxygen content of product oil
from second reaction tube <0.2 <0.2 <0.2 3.8 (% by nass, based on total
hydrorefined oil) /C oud point of hydrorefined oil -1 0 -1 22

| soparaffins/nornmal paraffins 1.63 1.38 1.56 0.03 (nass rati &315@?-@%10@0
kerosene and gas oil fraction (fraction wth b.p. 150 350C) 72.5 76.5 70.1
69.8 (% by mass, based on feedstock oil) 32 FPO7-0211-00 CLAIMS 1. A
hydrorefi ning method characterized by obtaining a refined oil through a
hydrorefining step in which an oil L RAEMSeated conprising an

oxygen- cont ai ni ng hydrocarbon conpound is contacted 5 with a catal yst

Tore ol ements. sl oot od T Fom Bmangoal U e e 2ir comemE bron,
titani um anctfireghedi throagl athydeasifiring staptial whtleeinedilftoobe ar@edel ement s
of Goup 6A and G oup 8 of the Periodic Table supported on the carrier, in
t he presencecmprisyniz ageoxygéh-asontainihgy hgdrubiarboncompbuad hy doageotedr essur e
of 2-13 MPa, a liquid space velocity of 0.1-3.0 h-1, a hydrogen/oil ratio
of 150- 1500widly & catalyst comprising a carrier containing a porous inorganic oxide
comprising two or more elements selected from among aluminum,
silicon, zirconium, boron, titanium and magnesium and at least one
metal selected from among elements of Group 6A and Group 8 of the
Periodic Table supported on the carrier, in the presence of hydrogen,
10 and under conditions with a hydrogen pressure of 2-13 MPa, a liquid
space velocity of 0.1-3.0 k™', a hydrogen/oil ratio of 150-1500 NL/L
and a reaction temperature of 150-380°C.
2. A hydrorefining method according to claim 1, characterized
in that the carrier contains crystalline molecular sieves.
15 3. A hydrorefining method according to claim 1 or 2,
characterized in that the oxygen content is 0.1-15 % by mass and the
sulfur content is no greater than 50 ppm by mass based on the total
amount of the oil to be treated.
4. A hydrorefining method according to any one of claims 1
20 to 3, characterized in that the oxygen-containing hydrocarbon
compound is an animal or vegetable-derived fat and oil component.
5. A hydrorefining method according to any one of claims 1
to 4, characterized in that the proportion of compounds with a
triglyceride structure among the oxygen-containing hydrocarbon

25 compounds is 90 mol% or greater.

6. A hydrorefining method according to any one of claims 1
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and a reaction tenperature of 150-380C. 2. A hydrorefining nmethod according
to claiml, characterized in that the carrier contains crystalline

nol ecul ar sieves. 15 3. A hydrorefining nethod according to Cgﬂi h ?i éb
characterized in that the oxygen content is 0.1-15 % by nass T 3 suf fur
content is no greater than 50 ppm by mass based on the total anount of the
oil to be treated. 4. A hydrorefining nethod according to any one of clains
1 20 to 3, characterized in that the oxygen-contai ning hydrocarbon
conpound i stea, elmraeteriedviegdhatiehidriredigingisteanis cdrriedodmoimesnich 2. A
hydrorefi ning nethod according to any one of clains 1 to 4, characterized
in that thempnopoithabthetatiomgfoisoparafiiing witht réspleyt ¢o i mansdlr partafifias anong t he
oxygen-cont ai ni ng hydrocarbon 25 conpounds is 90 nol % or greater. 6. A

hydr or ef i ni fisopatfiod rassmdrmgl t pamffinoneass) sl at nkeast (B3 &AONRLOZHE- 00 to
5, characterized in that the hydrorefining step is carried out in such a
manner t hatpatasfinain thel 50X G fifactionw i therre§medioil.o nornal paraffins

(i soparaffm mass/ normal paraffin mass) is at |east 0.2 anong the araffins
in the 150-350C ft.acti bydugrefimeng enethed according tosanyy onereff cliimg het hod
according to any one of clainms 1 to 6, characterized in that the

crystal | i netonfh etharaetesizeden thatpthes erygalling melsstlarnsigyes eetmpriseand t he

ratio of silicon with respect ,to constituent elenments qther than oxygen and
ke A the Fesie

silicon in $iHEORGATIRIING nreRldte, c &1t 6 ABeWIBT 186P9&E 8@ el enents
other than 10 oxygen_and siligcon)_ is 3 or greater,,8. A hydrorefjning
met hod accof@RstueRt lgments gither han nygefgl and silicon in the zeolite

(number of silicon atoms/mumber of atoms of elements other than
10 oxygen and silicon) is 3 or greater.

8. A hydrorefining method according to any one of claims 1
to 7, characterized in that the metal includes one or more elements
selected from among Pd, Pt, Rh, Ir, Au, Ni and Mo.

9. A hydrorefining method according to any one of claims 1

15 to 8, characterized in that the carbon monoxide adsorption is in the
range of 0.003-0.05 mmol per gram of catalyst with the metal in the
reduced state.

10. A hydrorefining method according to any one of claims 1
to 10, characterized in that

20 the hydrorefining step includes

a first hydrogenation step wherein oxygen is removed to
removal of at least 70 % by mass of the initial oxygen content in the oil
to be treated to obtain a first refined oil, and

a second hydrogenation step in which the oxygen remaining in

25 the first refined oil is removed to removal of at least 95 % by mass of

the initial oxygen content in order to obtain a second refined oil, and
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to 7, characterized in that the nmetal includes one or nore el enents

sel ected fromanong Pd, Pt, Rh, Ir, Au, NN and Mo. 9. A hydrorefining nethod
according to any one of claims 1 15 to 8, characterized int on
nonoxi de adsorption is in the range of 0.003-0.05 nmml per gm%baéifa@)yst
with the netal in the reduced state. 10. A hydrorefining nmethod according
to any one of clainms | to 10, characterized in that 20 the hydrorefining
step includes a first hydrogenation step wherein oxygen is renoved to
renoval of at | eahe S@oudblyydmgenafionhstepnistdaatiedxogtein soch entnanmerhe oi |

to be treated to obtain a first refined oil, and a second hydrogenati on step
in which thethadxyenratsomiohi ngpparaffiss t hath i respecefimenownal | paradfimsed to
removal of at least 95 % by mass of the initial oxygen content in order to
obtai n a se(sopanaéfinnowssidornaldparaffin0 Tnaxx) 1is0at lelst b2oamangirtbgenat i on
step is carried out in such a manner_that the ratio of isoparaffins with
respect to parattins paild 1583505 drpationf ofithessesondrefinedanihf fi n nass) is at

| east 0.2 anong the paraffins in the 150-350C fraction of the second
refihed oil. 5 35
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