DESCRIPTION Title of Invention PROCESS FOR PRODUCING HYDROCARBON OIL Technical Field
5[0001]The present invention relates to a method for manufacturing a hydrocarbon oil. Background Art
[0002]Attention is paid to effective utilization of biomass energy as a preventive measure for global
warming. Above all, since biomass 10 energy derived from plants can effectively use carbon fixed from
carbon dioxide in the atmosphere by photosynthesis during the growth process of plants, it has a property
which is the so-called carbon neutrality and does not contribute to an increase in carbon dioxide in the
atmosphere from the viewpoint of the life cycleDEERITRBPINeDN|lization of such biomass energy has been
widely studied even in the field of a transportation fuel. For example, if a fuel derived from an animal or
vegetable oil can bJUé@@falsrB/%t‘érI‘fuel, it is expected to play an important role in the reduction of

carbon dioxide emi%é}é %ﬂ%@{) B@@N@ﬁ%hﬁ;\]&ﬁgg@ﬂ%ﬁiency of a 20 diesel engine. As
vegeta Ity

a diesel fuel using an animal or e oll, generally known Is a Tatty acid methyl ester oil (abbreviated
as FAME from the imiggh hedglr &l tatty acid methyl ester). FAME is manufactured by subjecting a
triglyceride, which is a 8eneral structure of an animal or vegetable oil, to ester exchange with methanol by

the 25actioh of an dR8HHatalystdi@nennesenioouWatr, EBScrilRd A PAEHISbedRfent 1, it is
pointed out that tthﬂh QW&%&E\FE)%E%ME has problems. For example, a by-product glycerin

is required to be treated and costand’energy are required for cleaning of a product oil, or the like.
[0005]In addition, sBegkgkblmbiaaitivo oxygen atoms in the Smolecule, it has an extremely high oxygen

content as a fuel. Therefore, o _ _ o _
[0002] Attention is paid to effective utilization of biomass energy

as a preventive measure for global warming. Above all, since biomass

10 energy derived from plants can effectively use carbon fixed from carbon
dioxide in the atmosphere by photosynthesis during the growth process
of plants, it has a property which is the so-called carbon neutrality and
does not contribute to an increase in carbon dioxide in the atmosphere
from the viewpoint of the life cycle.

15 [0003] The utilization of such biomass energy has been widely
studied even in the field of atransportation fuel. For example, if afuel
derived from an animal or vegetable oil can be used asadiesd fud, itis
expected to play an important role in the reduction of carbon dioxide
emission by the synergistic effect with the high energy efficiency of a

20 diesel engine. As a diesd fuel using an animal or vegetable ail,
generaly known is a fatty acid methyl ester oil (abbreviated as FAME
from the initial letters of faity acid methyl ester). FAME is
manufactured by subjecting a triglyceride, which is a genera structure
of an animal or vegetable oil, to ester exchange with methanol by the

25 action of an alkali catalyst or the like.

[0004] However, as described in Patent Document 1, it is pointed



another problem thereof is that there is concern that the oxygen content may adversely affect the engine
material even when FAME is used by blending it with a conventional diesel fuel derived from petroleum.
[0006]Consequently, a method of manufacturing a fuel oil 10 comprising a hydrocarbon which contains
substantially no oxygen by hydrodeoxygenating a feedstock oil containing an oxygen-containing
hydrocarbon compound derived from an animal or vegetable oil in the presence of a hydrotreatment
catalyst is studied (for example, refer to Patent Document 2 and Patent Document 3). 15Citation List
Patent Literature [000F] tiattehedprocesntidl Jarsmutaet atentHal © pes NwoBphs1 S4ear [Patent
document 2] Japanese Patent Laid-Open No. 2003-171670 20[Patent document 3] Japanese Patent

)3-] 20
Laid-Open No. 2002358955 RVHRFRAVE Ghvesiiar s E%H\‘r'ik%[ PR reRied R weseAWe above
conventional manuf n ri Wi to the following points.
25[0009]SpecificalIéﬁ%ﬁ@%%ﬁé@aﬁﬁﬁéﬁﬁgﬁﬁéﬁggﬁg&%gﬁgl@ﬁé the hydrodeoxygenation

reaction of a feedst{m(aog] contaimngdeimni gxy@tmeomimi&gﬂfwlwmrbﬂpgmma@mgl flerthed from an
animal or vegetable oil in the presence of a hydrotreatment catalyst is an exothermic reaction and there

are probleds such BOIRSHIRe hBa%an Axiseme Yhal ol xxaen sabkent 854 fol BRTR{@@ase in reaction
5 temperature, more highs [ ide ¢ ' t r f ction at a high
temperature. In add%%%eérggn%ﬁﬁeio e'rgrﬁﬁ:%?eﬂjc ioﬁ? g@%ﬁ%ﬁ%&%@ oovl}li?ghg%%aratus IS

installed in a reactorrigyrenvarediyeaffectitnehadwi neanarifiadenenhiahen RANTETRTIases diuted with an
inactive substance (diluent) is employed. 10 However, in the former method, the reactor becomes very

expensive. On the Hah i, Vi ih & cervaniiansh dirsebfad felinded Aeosn Betsel Bhecessity of using a
large amount of an § ive sub ' r tQ optain a,suffici f uppressing.the heat
generation, and the[Enyg@%‘Lsity o@?&%e%i[ll\%@la%eﬁgﬁo?f t#g a@%@ﬁi&hﬂﬂé Pt 8"

10 comprising a hydrocarbon which contains substantially no oxygen by

hydrodeoxygenating a feedstock oil containing an oxygen-containing
hydrocarbon compound derived from an animal or vegetable ail in the
presence of a hydrotreatment catalyst is studied (for example, refer to
Patent Document 2 and Patent Document 3).

15 Citation List
Patent Literature
[0007]
[Patent document 1] Japanese Patent Laid-Open No. 2005-154674
[Patent document 2] Japanese Patent Laid-Open No. 2003-171670

20 [Patent document 3] Japanese Patent Laid-Open No. 2007-3080563
Summary of Invention
Technical Problem
[0008] However, the above conventional manufacturing methods
have room for improvement with respect to the following points.

25 [0009] Specifically, it is required to suppress temperature increase

because the hydrodeoxygenation reaction of a feedstock oil containing



15[0010]Further, in order to manufacture a hydrocarbon oil by hydrodeoxygenating a feedstock oil
containing an oxygen-containing hydrocarbon compound derived from an animal or vegetable oil in the
presence of a hydrotreatment catalyst for the purpose of reducing the emission of carbon dioxide, unless
the reaction heat removed can be 20 effectively recovered as energy, the emission of carbon dioxide
corresponding to the energy cannot be reduced. [0011]On the other hand, if a feedstock oil containing an
oxygen- containing hydrocarbon compound derived from an animal or vegetable oil is used, it is not

preferable from the afeospriehadmteivsimn Riirotertion obthpoprhusisethéronit iecminwl water-soluble
lower fatty acid such as formic acid and propionic acid may be produced during hydrotreat ment.

[0012]The present AVERAFANES Rilediif RTeSRSRI PR YOI el br6BIaY S inRe®Bnt in the prior

art, and an object o i on | Vi uyj ﬁegg carbon oil 5
which can achieve {a?tg% the gg%ggﬁngm@%ea%geﬁﬁa@%ﬁ%r%ﬁl%{ﬁ%ﬁg an ctjt;(ge suppression
of energy loss, the iagpreiien thidHeamasidtased of aadileanbasorebias tivessgppiressiactiohthe corrosion

of the apparatus and unit. Solution to Problem 10[0013]In order to solve the above problems, the present

invention p'?ovid_es E;.WW&? rﬂ)ﬂﬁ@fﬁ@ﬁh@@ﬁ@%@aﬁ%r@ﬁ%gﬁﬁ)ﬁ@%éha ﬁ%f@ﬁ%her_e_in a
plurality of reaction @gﬁgwp&a%a%% Hgﬁqé%Ba%%ﬁoiﬂugdaﬂ@@ngﬁ] ?Iéiieg]&géin_pnsmg two or

more elements selected minum, silicon, Zirconium itanium gnesium and one

or more metals selestethtiorid3@n oA anndiodn B wisicteatesdlihg pppadifuiddrstabedted on the

porous inorganic oxide is dis&osed in series and a feedstock oil containing an oxygen-containing

hydrocarbon compdlnd iRorEraAvEh thRrepdiégRtasRt &1 ia iahW Rl r3ed under the
diti fa 20 . : . ' h ti
conditions of a W nlgr @%&N%E@Eﬁ%aﬁ%&&%%%dﬂé%mgg%n aBtgr e reaction

zones; and a second step wherein"hydrogen ogen sulfide, ca IOXi are removed

from a praguct to befiseried ohtethed difie firgithtel ihebinter ystosrd vRgi expansineamong the
Py OO B e other hand, In the Iatter method, there are limitations such as the
necessity of using a large amount of an inactive substance in order to
obtain a sufficient effect on suppressing the heat generation, and the
necessity of excessive enlargement of the apparatus.

15 [0010] Further, in order to manufacture a hydrocarbon oil by
hydrodeoxygenating a feedstock oil containing an oxygen-containing
hydrocarbon compound derived from an animal or vegetable ail in the
presence of a hydrotreatment catalyst for the purpose of reducing the
emission of carbon dioxide, unless the reaction heat removed can be

20 effectively recovered as energy, the emission of carbon dioxide
corresponding to the energy cannot be reduced.

[0011] On the other hand, if a feedstock oil containing an oxygen-
containing hydrocarbon compound derived from an animal or vegetable
oil is used, it is not preferable from the viewpoint of corrosion

25 protection of the apparatus and unit because a water-soluble lower fatty

acid such as formic acid and propionic acid may be produced during



25reaction zone disposed on the most upstream side is 150C or more and 250C or less, the inlet
temperature of the second most upstream reaction zone or below is equal to or higher than the
condensation temperature of water, the outlet temperature of the reaction zone disposed on the most
downstream side is 260C or more and 360C or less, and wherein the feedstock oil supplied to the first
step contains: a 5 recycled oil in which a part of the hydrocarbon oil obtained in the second step is
recycled and supplied in an amount of 0.5- to 5-fold by mass to the oxygen-containing hydrocarbon
compound containeuirtecbtedstock oil; and 1 to 50 ppm by mass of a sulfur-containing hydrocarbon
compound in terms of the sulfur atom to the gxygen- 10containing hydrocarbon compound contained in

the feedstock oil. [0 2that is, tHE PSRN 1EVRRIHRMBasREEm NP dBaeaPH darak 8t Present

invention comprise ' %@qg ' - e e [ ﬁ@)ﬁ%% é e first step is
represented by n (r? rﬁsg g‘r@én%ﬂaag]&% orPln rﬁﬁgﬁgm [L%ﬁ%éﬁ%épmérﬁa urg@%@ t%?e outlet Ptemperature of
the k-th reaction zojrey&atioth Esro$iropitke anreitodrtorepiaseiziediiygkaahydisodr arointeger in the

range of 2 to n), respectively, the inlet temperature t1 of the reaction zone disposed on the most upstream

side is set At 150C B sHEAhaTBeE & | &sthe siriceshaperhthedest aenerstior ABOMN most
' ar b I h i f
water and Tr (= Tiadh SRR St I SR AR 654 ety e S YR e ore and 360

water and Tr, (= Tiast)

or less. And, to the {proistpcisadl ofzptiddntths firell sispHreuasistedsioreoy ales ek rogidicbfa part of the

hydrocarbon oil obtained in the second step is 25supplied and recycled in an amount of 0.5- to 5-fold by
mass based on the PR ARRABHEMNA §Mydrocarbon compound contained in the feedstock oil and 1 to 50
ppm by mass of a - I ocarbon compound in terms of the sulfur atom based on the
oxygen-containingsr%rgég(grgl}?ﬁcgr@éﬂjnd contained in the feedstock oil. 5[0015]Here, if the feedstock oll

is hydrotregted, the[pdg]deoxygemirtien teaohianthethsovy pribkentaithieplegdradaiagiiepmpound
derived from an animal or vegetable oil proceeds to produce a hydrocarbon. The term
"hydrodeoxygenatid¥ Q¥tieRA MaEt e d Ple ramNHi aeiE 1 A b6 GRAKIPRN Aky GRMBESIMY canstituting the

oxygen- 10 containlipgthé ?ﬁé%%g%gg%nﬁﬂgﬂt refe ?&t%&q&hﬁﬂr .Wifﬁtgecgl d sites. For

example, either a fatty aCi acld has an oxygen-containing group sudch as an ester
group and a carboxiyligepuomtal ke D {YSVUSPMBBRPIAIORILE HEAPrRIVZE MR NGRINAGraroups are

removed by hydrodeoxygenation reaction and the 15 oxygen-containing hydrocarbon compound is

converted into a hy€eaaHSHSSBERS O AHWMINLITS SISO PaBHCRRURY therejdrbtibMpyenation of an
oxygen-coptaining group which.a fatty gcid triglyceride he like have, A fiist reactjon pathway is a
decarboxg ation pa%nv&éjam I(&n&% x;c/) én‘g(r:olgil1 arl%lr@%% u%dtﬁgtﬁgj\f%%t@?ég% %lr%l)?g ride and the
like are directly relegpggnsg-asepncpiexioe. gied Bre ouMI eI ReEseriemaedtae gashausdioxide. A
second reaction pathway is a hydrogenation pathway in which the oxygen-containing group is reduced

through aldehyde aHtPEJEBHOIOXHIR B slisRAsed horaieoanckadepdinclkigiy amia aimgtae like is

25maintained. In thi h n.atgm nverted in [ .
Smaintained. In t g’x%sé%’-rt:o%t%lxl){%% ﬁﬂro%&i:?oﬁ%&%ﬁ%%ﬁal Od\é\f?\t/%d from an animal or

vegetable oil is supplied and hydrotreated under the conditions of a
20 hydrogen pressure of 1 MPa or more and less than 10 MPa in each of
the reaction zones;, and a second step wherein hydrogen, hydrogen
sulfide, carbon dioxide and water are removed from a product to be
treated obtained in the first step to obtain a hydrocarbon oil, wherein,
among the plurality of reaction zones, the inlet temperature of the
25 reaction zone disposed on the most upstream side is 150°C or more and

250°C or less, the inlet temperature of the second most upstream



When these reactions proceed in parallel, a hydrocarbon, water and carbon dioxide are generated.
[0016]The reaction schemes of the hydrodeoxygenation as an example of an alkyl ester of stearic acid
are shown in the following formulas (1) and (2). The reaction scheme represented by the formula 5 (1)
corresponds to the first reaction pathway, and the reaction scheme represented by the formula (2)
corresponds to the second reaction pathway. In addition, R in the formulas (1) and (2) represents an alkyl
group. C17H33CO0O0R 1- H2 C17H36 1- CO2 RH (1) 10C17H33CO00R 4H2 C181-138 +2H20 RH (2)

[0017]In the methoddartivanzémeuoindeheviyidrecrriiotoobiofiyhareasent imeectodendstion feedstock oil
containing an oxygen- containing hydrocarbon comBound derived from an animal or vegetable oil is

hydrotreated, amori§TREFASIS RbIWES R ctiemPesabiaiawely e el PRGH @7 tFOMRst reaction

pathway in which t | i I IRCArpErati i ount of each of
a recycled oil, which@égag%gr)t% cﬁ%ﬁ%r@ﬁ%ﬁ%@ﬁéﬁggﬁ%ﬁgﬁqﬁqh@ﬁ?& S epgsggﬁﬁgr} a hydrocarbon
oil, and a sulfur-corliasjrgnd yohegait thecfugstook vitostsplaetistotiedirsnsepedoyéngsthe 20 specific

catalyst and reaction conditions. As a result, it is possible to suppress the heat generation amount itself

by the reaéio_n as W@ﬂy‘%% @Hd&%%@tﬁ@r&s@fgj : gih OREA RRdhE DRIty of reaction
o secori o g G5 SR B SR SHS U o ey 2o
inlet temperature inraashtoftie oxygen-containing hydrocarbon compound contained in the
feedstock oil; and 1 to 50 ppm by mass of a sulfur-containing
hydrocarbon compound in terms of the sulfur atom to the oxygen-
10 containing hydrocarbon compound contained in the feedstock oil.
[0014] That is, the method for manufacturing the hydrocarbon oil
of the present invention comprises the first and second steps and if the
number of the reaction zonesin the first step is represented by n (nisan
integer of 2 or more) and the inlet temperature and the outlet
15 temperature of the k-th reaction zone from the most upstream side are
represented by t, and Ty (k is an integer in the range of 2 to n),
respectively, the inlet temperature t; of the reaction zone disposed on
the most upstream side is set at 150°C or more and 250°C or less, the
inlet temperatures ty, ts, ..., t, of the second most upstream reaction zone
20 or below are each set equal to or more than the condensation
temperature of water and T, (= T4 Of the reaction zone of the most
downstream side is set at 260°C or more and 360°C or less. And, to
the feedstock oil supplied to the first step are added a recycled oil in
which a part of the hydrocarbon oil obtained in the second step is
25 supplied and recycled in an amount of 0.5- to 5-fold by mass based on

the oxygen-containing hydrocarbon compound contained in the



reaction zones is 200C or less. That is, preferably, the difference AT],, between the outlet temperature Tk
and the inlet temperature tk of the k-th reaction zone is 80C or less and the hydrotreatment is performed
under the condition that the total temperature increase amount (EATk; k = an 5 integer of 1 to n), which is
the sum of ATk for the whole reaction zone, is 200C or less. [0019]Further, in the method for
manufacturing the hydrocarbon oil of the present invention, it is preferable to control the inlet temperature
of the reaction zone downstream of the supplying position 10 of a quench oil by supplying a part of the
hydrocarbon oil as feedstbokil lotweas the fdj&Gentpeachyn awsss emengthieiplcuatiéinhghe reaction
zones. That is, it isr%ﬁ’erable to control the inlet temperature tk of the k-th reaction zone by supplying a

part of the hydroca QAL TARRAGEIBe FERESK Of -ihee SEtisK AReheseth Atadhisn zone from
o ) . » . 2 d b
beween parts of o U ABHILPATHOR ST (TR S ARG BRERR0CC feaont

invention, preferablgjlthe hydrocarbon oil obtained in the second step is fractionated into a light distillate,
a middle 20 distillate and a heai%@(’jistillate, and the cut temperature between the light distillate and the

middle dis@late is SEIG2100 to 30FE antf thdh&it tERpEREkre BHtwden tH¥dFRERHstiIl HRE and the heavy

distillate is set at 3 L}ﬁ] addifign, th % k lﬁeﬁl ing on 25oil of the
present invention pﬁﬁé@%& %@gbnpelses %qh%néﬁeg; w éﬁ@) ydr(ll;légrb na %I 0 aﬁ\ed in the
second step or a misishepolisidl! alteifredtipoaiesh fpinrid eohxtigeaierniti brosssts ta¢roliucier, preferably,
an isomerized oil obtained in the third step is fractionated into a light distillate, a middle distillate and a

heavy distillate, ancBtHYElPEargBratuldBet@ERn REdigeeaYtanstion feacHdidie efstiRed is 5 set at

100 to 200C and th ! iddle distil he k ISl is set at 300 to
400C. [0022]In addﬁ%#,} @%?gggag?gﬁ?/‘%ﬁ%ﬁ;%Q%ré@é%@ﬂc%ﬁﬁg\&%%vgéeﬁﬁydrocarbon oil
obtained fpthe secengtsitind UitirscERBoe @sigsbon@RAcreRIENa] © | di¢ Ryalpboeartwithe part of a

cleaved sites. For example, either a fatty acid triglyceride or a fatty

acid has an oxygen-containing group such as an ester group and a
carboxyl group, and the oxygen atoms contained in these oxygen-
containing groups are removed by hydrodeoxygenation reaction and the
15 oxygen-containing hydrocarbon compound is converted into a
hydrocarbon. There are mainly two reaction pathways for the
hydrodeoxygenation of an oxygen-containing group which a fatty acid
triglyceride and the like have. A first reaction pathway is a
decarboxylation pathway in which the oxygen-containing group of the
20 fatty acid triglyceride and the like are directly released as carbon
dioxide, and the oxygen atoms are removed as carbon dioxide. A
second reaction pathway is a hydrogenation pathway in which the
oxygen-containing group is reduced through aldehyde and alcohol while
the carbon number of the fatty acid triglyceride and the like is
25 maintained. In this case, the oxygen atoms are converted into water.

When these reactions proceed in parallel, a hydrocarbon, water and



10 middle distillate fractionated from a hydrocarbon oil, a part of a product obtained by isomerizing a
hydrocarbon oil or a middle distillate fractionated from a hydrocarbon oil, or a part of a middle distillate
fractionated from a product obtained by isomerizing a hydrocarbon oil or a middle distillate fractionated
from a hydrocarbon oil. 15[0023]Further, an oxygen-containing hydrocarbon compound contained in a
feedstock oil is preferably one or more compounds selected from fatty acids and fatty acid esters, and
more is preferably a triglyceride of a fatty acid. [0024]In addition, preferably, a catalyst used for
hydrotreatment 20 ¢arbenpdiexidderegdg3eth 0.85 ml/g as measured by a nitrogen adsorption BET
method and an aveéagiéore diameter of 5 to 11 nm, and the ratio of the pore volume derived from pores

having a pore diam 3nm EP%_S@@G&H@ t%ﬂﬁﬂ&%_%ldﬁ% RygE9geRxYeRIAEQH Ié%s@n
25[0025]Further, th%@ﬂ% g@gﬁﬂm&ﬁgg{ﬁ%&s%zoc%%wmqWlfh/ec%}amﬁﬁe element

phosphorus. Advan ffects or’lnven scribed above, the prese ention
provides a method formalifeCyuine()hy dreesreami oi wthemearadseniec by thieefenpiiession of the

heat generation amount by reaction, the 5suppression of energy loss, the reduction of the amount used of

a diluent aRd the sudpreQEiBRPENERteoHREsTHITofaRE A pRrHIMEYN ANthiNE 7G5 SEIBMST Drawings
[0027]FIG. 1is afl @ﬁf schwiBg EfBr?fﬂ'gp#%Of Brr dﬁagu[fgc{Hgng%@yr@E%ﬂr a method for
on all. ion o m%od(ler%)

manufacturing a 10hydrocar escrip ents
pathway. Inaddition, R in the formulas (1) and (2) represents an akyl

group.
Ci7H3sCOOR + H, - Ci7Hzs+ CO, +RH - (1)
10 C17H3sCOOR + 4H; - CygHzg +2H,0+ RH (2)
[0017] In the method for manufacturing the hydrocarbon oil of the
present invention, when a feedstock oil containing an oxygen-
containing hydrocarbon compound derived from an animal or vegetable
oil is hydrotreated, among the two hydrodeoxygenation reaction
15 pathways, the ratio of the first reaction pathway in which the reaction
heat islower can be enlarged by incorporating a specific amount of each
of arecycled oil, which is a part of a product to be treated obtained in
the above steps and/or a hydrocarbon oil, and a sulfur-containing
hydrocarbon compound into the feedstock oil and employing the
20 specific catalyst and reaction conditions. As a result, it is possible to
suppress the heat generation amount itself by the reaction as well as to
reduce the amount used of adiluent.
[0018] In each of the plurality of reaction zones according to the
first step, preferably, the difference between the outlet temperature and
25 the inlet temperature is 80°C or less and the sum of the difference

between the outlet temperature and the inlet temperature in each of the



[0028]Hereinafter, the preferred embodiments of the present invention will be described in detail with
reference to the drawing. [0029]FIG. 1 is a flow diagram showing an example of a 15manufacturing facility
used for a method for manufacturing a hydrocarbon oil according to the present embodiment. In the
manufacturing facility shown in FIG. 1, there is installed a flow channel Li in which a pretreatment
apparatus 1, a pump 2, a heat exchanger 3, a heater 4, a hydrotreatment reactor 5 and a separator 6a
are connected in 20this order from the upstream side. [0030]The pretreatment apparatus 1 is filled with an

adsorbent which enadistiore e e iaf JOPOtsS essh FharggprefdsisiycesdifferieaasvTk oil supplied. A
feedstock oil from which impurities are removed is drawn to the flow channel Li by the pump 2 and mixed

with 25hydrogen frd¥etWeeiBR QWL temprEi iRt @O iR pteld ProRRIatHa heOh dBE KxBhanger 3 and
he h 4 and th f . It
apparatis 7 o st RO R L e S emn e PO G R o

the hydrogen may hiesdpptiftioe tha: hiidrajtaateraptraestoirioasss aneiuny QRUED. R[EGFL] The
hydrotreatment reactor 5 comprises three reaction zones 8a, 8b and 8c, and each of the reaction zones is

filled with ®catalyst AteEisEdldenAWeTdeter HEeh &bk, forikea WEe§ap PRagane.employed.
That is, hydrogen Wgﬁ@‘@w&% by either a counter flow system or a cocurrent flow system for the
feedstock oil. 10 Inaddition, whén a plurality of reactors is used, a combination of a counter flow system

and a cocurrent flofogyEEM maplreremployrd.retastfentgasdliatidrteyrieohysysterbory be

employed as the general form. Further, the reactor may be used alone or in combination of a plurality of

reactors, and a struetlir&fin thiRidPr eseNhsio¥eRtiPReatiiolSs PIEf @iied thtcanmatattieod Bktalyst beds may

be employed. Ther, ' e ituted e S : st bed or by a
plurality of catalyst Eee?ﬁég\[ﬁ@o%l |o§nﬁﬁ%&%%ﬁgzv§l@/n example’in @h?ggﬁjm%?{eaﬁrsesgﬁr@%ﬂon zones,
but the nupber of tio# saqutiachzinesyisuppl prigieuisaly dimitechytrohietsome @dueriele i four or more

reaction zones. Further, the reaction zones may be separately installed in series in a single reactor. In

addition, the hy_drotQ%VM@ﬁttr&é@&@%\ﬁﬂ@CW FonRs@negichephsa g sbdbe im@% may be
cisposed n series o geraf o oS e KON SRR REIRRERIS SR IeC Pl enstered to

the hydrotreatment Tea
k-th reaction zone by supplying a part of the hydrocarbon oil as quench

oil between the k-1-th reaction zone and k-th reaction zone from the
15 upstream side. The supplying position of the quench oil may be

arbitrarily selected and may be between parts of the reaction zones or

between the whole of the reaction zones.

[0020] In the present invention, preferably, the hydrocarbon ail

obtained in the second step is fractionated into alight distillate, amiddle
20 distillate and a heavy didtillate, and the cut temperature between the

light distillate and the middle distillate is set at 100 to 200°C and the cut

temperature between the middle distillate and the heavy distillate is set

at 300 to 400°C.

[0021] In addition, the method for manufacturing a hydrocarbon
25 oil of the present invention preferably further comprises a third step

wherein a hydrocarbon oil obtained in the second step or a middle



5 is hydrotreated and then transferred to the separator 6a. In the separator 6a, a product to be treated
after hydrotreatment is separated into a gas phase component containing hydrogen, hydrogen sulfide and
carbon dioxide and a liquid phase component containing a hydrocarbon oil obtained by hydrotreatment,
and in addition, water is separated and 5 removed from the liquid phase component. On the downstream
side of the separator 6a, a flow channel L3 which has a channel introduced into a fractionator 9a through
the heat exchanger 3, and a flow channel L4 which has a fractionator 9b and an isomerization reactor 10
in this order are instiilititl 2 feaS Bphbred droph ke hpdrpoadiurseiasisonetirede pfatdieba is cooled by
the heat exchanger 3 to liquefy and then is separated into a gas phase component and a liquid phase

component (light di§i Wth@nfﬂz_a?@lriﬁﬁé?@ﬂg‘aj.l ToRiginedhHAdbe Shsb e tohtarionated ced
hydrogen. Howeveﬁ,rﬁ}be;ﬁﬁmg&@m% urg?ﬂ &a@ﬁ&w&@wl&.@%@ﬁ %ifg%gyfﬁ?ﬁ jﬁt%nnel L5 and

reused after removing impurities in a PSA gas separator apparatus e liquid phase

component (substagtiafgmipbsattrednenasy) thdrdintfiedist et erficictienaldui drstil dne feactionator 9a
through a flow channel L6. In addition, the liquid phase component (substantially, a hydrocarbon oil) 20

from whicrbwater isSbpdralélf alft Al dvednifl die peiihréeBRsdtN SRt eethneasiisibesr ob through
the flow channel L4d{%ﬂ§§ Fawmﬁre rﬁol%\r]% g%qﬂ%%vﬁe%?%@&wﬁ @e heat exchanger 3 is installed

on the downstream side of the Sepa anger 3 may be installed on the upstream
side of the 255eparf@@2@]&, or thmramiamhauh@er&me@meandmrbqueﬁmI@i‘ﬂ. iﬂm|t§ne fractionator

9b, the liquid phase component transferred from the fractionator 9a through the flow channel L6 and the

liquid phase gompo?@ﬁﬂfbrﬁtﬁ@r %éﬁa%r@@ﬁ?@%@@@rﬂédqmﬂ Reghdp §e%ﬁ@ﬁ)rﬁﬂ?; a light
distillate, a mlddle_ ql_.?}rtpﬁlé? T’Hg %@2@%@5?%?8%8@%%%@@&%%%Bﬁtéﬂ? E(@ I%pg,tlllate is 5

isomerized in the isomerization Inad phase component’is transferred to the

separator]@o throughigdlevdiciidreaelf actaoddieerf roiseanaipscerson oHs R papedintprddued phase

(agueous phase). [0036]Further, the flow channel L4 is branched between the 10 separator 6a and the
fractionator 9b and Bei/BEd thY figefAEHID Hrarkty BiecadinBri fikiodl redcoiddbe THSHHRE? end of the

branched channel W@éﬁrﬁg[ b{%}%hgd i &? 6}9’%6&?'8}?'3 rOgﬁjrgF?rhcfh ésr%?&'i'l g@%}ﬂ épae flow channel

Li between the pump (he heat exchanger 3, and another brarich is'connec a predetermined

position between thy ctrenaieenfrone Spraddditonid melviseisginens Sy afiherbrerpdigainent reactor 5.

Thereby, the hydrocarbon oil separated in the separator 6a and the fractionator 9b can be used as a

recycled oil or quer@hami g eTigtididRisactnoated Ak ahyskaeean Ghich the
15 [0023] Further, an oxygen-containing hydrocarbon compound

contained in a feedstock oil is preferably one or more compounds
selected from fatty acids and fatty acid esters, and more is preferably a
triglyceride of afatty acid.
[0024] In addition, preferably, a catalyst used for hydrotreatment
20 has a pore volume of 0.30 to 0.85 ml/g as measured by a nitrogen
adsorption BET method and an average pore diameter of 5 to 11 nm,
and the ratio of the pore volume derived from pores having a pore
diameter of 3 nm or less to the total pore volume is 35% by volume or
less.
25 [0025] Further, the porous inorganic oxide contained in the

catalyst preferably contains the element phosphorus.



fractionator 9b is disposed on the upstream side and the isomerization 20reactor 10 is disposed on the
downstream side, but the disposition of the fractionator 9b and the isomerization reactor 10 may be
reversed. [0038]Hereinafter, a method for manufacturing a hydrocarbon oil will be described in detalil
using a manufacturing facility shown in FIG. 1. 25[0039](Feedstock oil) In the present invention, there are
used an oxygen-containing compound derived from an animal or vegetable oil, a specific recycled oil and
guench oil as well as a feedstock oil containing a sulfur-containing hydrocarbon compound. In addition, at

the time of the startAgheirttagbydeEffatreot,|adatyionid hydrocarbon compound corresponding to 5 the
recycled oil and quench qil is prepared in advance and a product obtained by incorporating the

hydrocarbon qo_mpdgﬁa%to the@&%@ﬁﬂnﬁ?ﬁy@sﬁb%o%%‘hmﬁﬁd?ﬁwm]ﬂs the
oxygen-containing ?ﬂgﬁ%&%%rdﬁ%ﬁﬂéﬁ?m ggc%mé%?\r@%ﬁtténlw‘ Cﬁrrw]begrfi %ﬂia}%:gm%?nent derived

from an 10 animal or vegetable oil or a pro e compo are preterred because the

decarboxylation reattéonsipiikedsittnoasiur tiéerhetie géheretitah campanenbgontaistom) athignal or
vegetable oil and fat and an animal or ve ble oil component which are naturally or artificially produced

or manufaéure_d a@@%ﬁ%%@ﬁ@ﬂﬂiﬂﬁ%ﬁt‘%d"&r%mfgmﬁbH hash!gastand fats and a
component which '%Qﬂ‘fﬁé &3@@% y H%ﬁg%( Q&WB@HH'& ﬁﬁéﬁ?&%}’é‘f@&gﬁ&ﬁﬁﬁ?rmame of these oils and

fats. In addition, the derivativ oll and fat component comprises a component which is produced as

a by-product in the Beigfobessnifeicsarafchavwihggd fat product or a component 20which is intentionally
processed into a derived product. [0041]Examples of the oil and fat component derived from an animal or

vegetable oil includ fat, cdrh®il, kapestet @, SHPHEAR ofRNd PRIALIEATHIQBEeat invention, as
the oil and fat compaaRnt YR IMRE MPALARABR) foPogRIRRBLA P RS RIS aRe
10 hydrocarbon oil.
Description of Embodiments
[0028] Hereinafter, the preferred embodiments of the present
invention will be described in detail with reference to the drawing.
[0029] FIG. 1 is a flow diagram showing an example of a
15 manufacturing facility used for a method for manufacturing a
hydrocarbon oil according to the present embodiment. In the
manufacturing facility shown in FIG. 1, thereisinstalled a flow channel
L1 in which a pretreatment apparatus 1, a pump 2, a heat exchanger 3, a
heater 4, a hydrotreatment reactor 5 and a separator 6a are connected in
20 this order from the upstream side.
[0030] The pretreatment apparatus 1 is filled with an adsorbent
which enables removal of impurities such as foreign substances in the
feedstock oil supplied. A feedstock oil from which impurities are
removed is drawn to the flow channel L1 by the pump 2 and mixed with
25 hydrogen from aflow channel L2. Thereafter, the mixture is heated by
the heat exchanger 3 and the heater 4 and then transferred to the

10



25used and waste oil obtained after using these oils and fats may be used. However, a vegetable fat and
oil is preferable from the carbon neutral viewpoint, and rapeseed oil, soybean oil and palm oil are more
preferable from the viewpoint of the carbon number of the fatty acid alkyl chain and the reactivity. In
addition, the oils and fats may be used alone or may be used by mixing two or more kinds of them. 5
[0042] The derivative of the oil and fat component derived from an animal or vegetable oil may contain a
component which is processed into an ester such as a fatty acid constituting a fatty acid triglyceride of the

oil and fat componemydrotr eatrtertastarttireseof| 7 gddialorxanRes ghssedattycreappanatitring these fatty
acid triglycerides include 10 butyric acid(C3F17COOH), caproic acid (C5FI11COOH), caprylic acid

(C7TF115COOH), capridstaldedt o 1be dlow), ghamrehde CVNiPa e ISURR|YishiORckLaE Y H27CooH),

having o unsatural T i 0 D elec et S e S A e SO BT B noterc acia
(C17H31COOH), linbiphiotasithiBATHHARE08HE disncielayaistédl 7H32(OH)COOH) and the like, which

are unsaturated fattpvgacids haviri%;ne or a plurality of unsaturated bonds. [0043]The recycled oil and

quench oilPlay the IBR3&F suppréBeingy gt et e rERBFOI Pe £OE NSRS tHY PRatERMIABat in the
hydrotreatment. In esenignvent e \% e I il h oil, a part of
the hydrocarbon oll is%laét% c?§ \%ﬁéﬁb&a@l} aﬁﬂ%ﬁb@: ﬁehr%of\a/el‘ﬁ%ﬁk@driosgﬁér% %ﬂr‘é%ﬂ@ﬁﬁ%{; carbon

dioxide and water frsaralpe: plesgritic lageireaikd thietéorad df cimetheabivst it erld 2piserecycled and
supplied to the feedstock oil. [0044]The recycled oil and quench oil preferably contain a part of the

hydrocarbon oil. In B¥tiBR, enadlevpeEled bilaintbqlvaEAASNpRagY: 418y KiHRAAd QY- @I iddle distillate

obtained by fractiongt; ' C ' | [zl -hydrocarbon oil
or a middle distillat@r@g%ﬁg%%i%&g I%%%ggﬁgjgﬂ&fg?&grg%gﬁ] o? éﬁggﬁ'%ﬁgtg ' ractionated from
a productigptained [y ixfuitfdizinglehydrpradity of aeactdslie distdate tiaeiisnateshficimathe
hydrocarbon oil. When these components are recycled and supplied to the feedstock oil, the components

are preferably cooIé@W&ﬂJ@WM@@B%@%ﬂfﬁl ﬂﬂWe%@é@méﬂaMlbﬁ ﬂﬁ@ﬁl@{_ﬁlocl@oil is 0.5-to
5-fold by mass to agé)&}/rggﬁfg%%@wa walgﬁgw%é&gmq%ég}gﬁ)%ﬁée%ﬁgogw a%qﬁg%ﬂle%vegetable oil,

and the ratio is determined w ove range dependin mum use temperature of a

reactor. For this regepm.if iFgréisauTies ibaitbpimajlsheayscth el spmes Pe ebendindRah dieareaction heat
may be sufficiently reduced if the content of both olls is within the above range, because if both oils are

mixed at a ratio of Ptorél ifyeGk fgpetais-antcresise b ey Rigin the bisitle eise easterdSubstance
derived from an animal or yegetable gil is reacted singly. In ition,, if the content of the.recycled oil is
higher th ng] 5-fold b@@@%@' b%?éf%n@?clﬂ{y Igﬁéfn%%ﬂ%y%&rgga 3 E’c‘?mﬁﬁ’ﬁ%ﬁe cgm ntration of the

oxygen-containing REataeRrbemeorBaO R AvfreaseRptelitonsa el ererasgSaadfidieaddition, the
flow rate of pipes and the like increases and the load increases. On the other hand, if the content of the
recycled oil is lowerCgialys. 385ld05y biaashbeiepkityx ph ccatabyishi Rds2 s hpdasieltisth Edfpdund, the

temperature increasg May 49 tgxeample in which there are three reaction zones, but the

number of the reaction zones is not particularly limited and there may

20 be two or four or more reaction zones.  Further, the reaction zones may
be separately installed in series in a single reactor. In addition, the
hydrotreatment reactors having two or more reaction zones disposed in
series may be disposed in series or in padld to perform the
hydrotreatment.

25 [0032] The feedstock oil transferred to the hydrotreatment reactor
5 is hydrotreated and then transferred to the separator 6a. In the
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sufficiently suppressed. [0046]The method of mixing of the feedstock oil and recycled oil is not
particularly limited, but for example, both oils are mixed in advance and the mixture may be introduced
into a reactor of the hydrotreatment reactor 5, or when a feedstock oil is introduced into the 5 reactor, the
feedstock oil may be supplied at the previous stage of the reactor. Further, it is possible that a plurality of
reactors are connected in series and then the feedstock oil is introduced between the reactors, or the
catalyst layer is divided in a single reactor and then the feedstock oil is introduced between the catalyst

layers. 10[0047]In astgiticiorthEas @lfpradudaito nigehy detedraiter doyapotraet et ith agpéeadédmproving the
deoxygenation activity in hydrotreatment. The sulfur-qontair%rég hydrocarbon compound is not particularly

limited, but specificHNPiRREYEE AABOARRIIT FONEBY SRR ORI IRUHRAIRE BdhERMPhene,
dibenzothiophene a&g@omﬂwre I\éﬁ&hﬂﬁ%ﬁ%& ﬂ@f(':ﬁ' C@qm%ﬁygﬁﬁggwam contained in

the feedstock oil may be a single compou r a mixture of two or more compounds. Further, a

petroleum hydrocarbidrofsttied bgritsithiot eaamint, candeint snielitiom adcee tisthepteatistanidoil. [0048]As
the petroleum hydrocarbon fraction containing a sulfur 20 content, a fraction obtained by a typical

petroleum Pefining SRPIMEY HOWEE gy CoRRENARY b sKIE A BEE RV AESBhding to a

predetermined boili ' i [Gdistillati p cuum
distillation apparatu@%t%%‘ﬁﬁgté%};&rﬂ%%%%ﬁrﬂ\g %%m%&%%%m%%%@%%@ g[ tained by a
25hydrodesulfurizatiofrapigiaios 9a thidiaghettengeap eruhiasger 18 sehihbof| oivechalasyifugzation
apparatus, a fluid catalytic cracking apparatus or the like. In addition, the fraction obtained from each of
the above apparatuédiGhipba {Ia6t ek Shaag B8 (REHEBlZARIm EERGOH LR SR i @58 them.
[0049]The content %&ﬁ&%l%ﬁcontaining hydrocarbon 5 compound is required to be 1 to 50 pp by mass
in terms of the sulfur atom to thé oxygen-containing hydrocarbon compound derived from an animal or

vegetablelgil, and ped33Iply is Tiee3gapnindse vasponchinsspapeeser ablihtOstpdCtiopradismass. If the
content of the sulfur-containing hydrocarbon compound is less than 1 ppm by mass in terms
cooled by the heat exchanger 3 to liquefy and then is separated into a
gas phase component and a liquid phase component (light distillate) in
the fractionator 9a. The gas phase component contains unreacted
hydrogen. However, the hydrogen is returned to the flow channel L2
15 through a flow channel L5 and reused after removing impurities in a
PSA gas separator apparatus 7. On the other hand, the liquid phase
component (substantially, a hydrocarbon oil) is transferred to the
fractionator 9b from the fractionator 9a through a flow channel L6. In
addition, the liquid phase component (substantialy, a hydrocarbon oil)
20 from which water is separated and removed in a separator 6 is
transferred to the fractionator 9b through the flow channel L4.
[0034] Further, FIG. 1 shows an example in which the heat
exchanger 3 isinstaled on the downstream side of the separator 6a, but
the heat exchanger 3 may be installed on the upstream side of the
25 separator 6a, or the heat exchanger 3 per se may not be installed.

[0035] In the fractionator 9b, the liquid phase component
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10 of the sulfur atom, it tends to become difficult to stably maintain the deoxygenation activity. On the
other hand, if the content of the sulfur-containing hydrocarbon compound exceeds 50 ppm by mass in
terms of the sulfur atom, the sulfur concentration in the light gas discharged in the hydrotreatment step
increases and the sulfur content contained in the 15 oil to be treated or hydrocarbon oil tends to increase,
and thus the sulfur content may adversely affect an engine exhaust gas purification apparatus when the
fraction is used as a fuel for a diesel engine and the like. In addition, the sulfur content in the present

invention means théramzber cahfeot oo éraotfonartOatthrougiatedtbac chating th Ehethgd1l 20
"Determination of Sulfur Content" or the method described in ASTM5453. [0050]In the present invention,

the addition of the rEEiALBIEIER RPMRPREN frPFLigiRRRGIRIer R A6 rSeBAFedNNie MBa8edstock oil

may be performed F%Ea S ly4: B fera fie ecycled ailis added to the
feedstock oil, the Slﬁ ur-co??al mg%g)megjtg%?isdﬁwrt&%frgé de%ﬂ%édﬁ%ﬁ!%ﬁé %ﬂurgcg@aﬂﬁing
hydrocarbon compcdja@llatmixedmmlagniﬂm otihwﬁgaéatgck@iéanﬂitﬂ@eecui@&ugmé inn@dvance and
then the resulting mixture may be introduced into the reactor of the hydrotreatment reactor, or the

sulfur-containing hy SREBEFFSH dBrHpR IPRMBHYBEOBUISHHRS Qhe WieaddLt0B, $hey8ast RRéIRactor when

the mixture oil of th Qj ﬁggﬁgﬁ s, J i
[0051](Hydrotreatm%éwjﬁ%ém%cl}ro rea mééﬁilixrifa?‘gtor ) ggﬁggfiﬁ@%&%&@%@é@? g'b?and 8c is filled
with a catalyst contaifineherp ¢ sgpaciedn atoxid eyes ibiasin a0 AW ioei dnpreasdefagieagslected from

aluminum, silicon, zirconium, boron, titanium and magnesium and one or more metals selected from
Group 6A and Grod?h@%)ements of the periodic table supported on the porous inorganic oxide. [0052]As

a support of the cartf&ﬁgsed inlfnﬁlﬁ’éFsiﬁériW&g“%ﬂaHr%ﬁi%%“B?&éﬁ@Heb&\R/ _u%gorganic oxide

comprising two or more elements selected Trom aluminum; silicon, zirconium, boron; titanium and
magnesiurg is usedséppitor B en8 ither GepRitondts Bnsate irblven ey GrviCondtts ORNEaing two or

more elements selected from aluminum, silicon, zirconium, boron, titanium and magnesium from the 20
viewpoint of being éﬁﬁdwf@%@i’] iﬁ?é%@i’nb(}he EB@)@‘@@!‘\M (éfcﬁmﬂ?acﬂ@(ﬁ@ﬂﬂﬁ'izatipn activity,
o o e S B AT S DR Rl o)
25constituent elemeiné filgvconigneb albsineenisHer pigigply dne® Hi&hdat exchanger 3, and
another branch is connected to a predetermined position between the
15 reaction zone 8a and 8b and between 8b and 8c of the hydrotreatment
reactor 5. Thereby, the hydrocarbon oil separated in the separator 6a
and the fractionator 9b can be used as arecycled oil or quench ail.
[0037] In addition, FIG. 1 shows an example in which the
fractionator 9b is disposed on the upstream side and the isomerization
20 reactor 10 is disposed on the downstream side, but the disposition of the
fractionator 9b and the isomerization reactor 10 may be reversed.
[0038] Hereinafter, a method for manufacturing a hydrocarbon ail
will be described in detail using a manufacturing facility shown in FIG.
1
25 [0039] (Feedstock oil)

In the present invention, there are used an oxygen-containing compound
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mass, more preferably 10 to 97% by mass and much more preferably 20 to 95% by mass in terms of
alumina, based on the total amount of the porous inorganic oxide. If the content of aluminum is less than
1% by mass in terms of alumina, physical properties such as the acid properties of the support are not
preferable and neither sufficient deoxygenation 5 activity nor desulfurization activity tend to be exhibited.
On the other hand, if the content of aluminum exceeds 97% by mass in terms of alumina, the catalyst
surface area becomes insufficient and the activity tends to decrease. [0054]There is no particular
limitation on a methdetifped1fr ontraahu cingrialicon vagetablenol prarspacifio nneaydl sthgiile singh, which are
constituent elements of a support other than aluminum, into a support, and a solution containing these

elements or the likeWRICHeULRP el &7 RIRFTIEOEK: BhtaRhet Thiase gy HE-GOBERLNIBEN, sodium

silicate solution and,sjj 3“1?“& Hﬂ@d&gﬁ" s silicony hor| [ | ' harapxphosphoric acid
or an alkali metal si] g?p osgﬁc%lc Cl o@'the!'ﬁl%gg?éﬁbasa%m%%ﬁ%ﬂm%ﬁggﬁtignﬁﬁﬁ tetrachloride,
various alkoxide sahy@rdﬁnedjmams, taa‘rafqrmagirm wmmlw@mmimmﬁh@&s or the like as
zirconium. [0055]Further, the porous inorganic oxide preferably contains 20 phosphorus as a constituent

element. TRe conteM&T PREEEH R UsaBGh@Henahyod. 13P1ePreY Mh3EVANGR Are RN to 7% by
d h | 0 [ i
ovice. 11 the content BT e e el B AP e ol RR ooty ror

sufficient 25desulfugidativg betiity cered 1o bydrdieigrieand if the content of phosphorus exceeds 10% by
mass, excessive cracking proceeds and the desired yield of the hydrocarbon oil is likely to decrease.

[0056]The raw matéH8A0DT the cDRstiGrPAEERERNEHNG SCRPBAURH e dgshredIutFARiNPBXide are
preferably added in a?\i%%ﬁ) tb?fqlr _%bqalcéﬂatigﬁ] %i Ith&@up&ogoﬁﬁo%ﬂpalﬁ,i\%a rﬁ\grw rials are 5
ution | t

added to an aluminum aqueous n in ddvance and then an aluminum hydroxide gel containing these

constituenpcompongtiipahay hexgeesieediProhe ardnatedierds sersrbmagiéedompan@itrareum hydroxide
gel prepared. Alternatively, the raw materials may be added in a step in which water or an acidic aqueous

solution is added tolRbEfRSTEErRRELSaIa HeraHnOXyisinn FEasin Hidkeky i@t Woe HAREE powders and

the resulting mixturg | e ials a rab t ex| the step of
preparing an alumir?ngna@aag(gﬁe ;Q%ﬁ%g@ﬁﬁ&é@%@ﬁ %ﬁl} t(%e?é%e%fgtég c%?l%'}s,t?uent
components of a sugrPraathei than etudgeradEids | hasmpohenearsiatil ke erlkgigated, it is inferred

that the constituent
artificially produced or manufactured and/or a component produced or

15 manufactured by deriving these oils and fats and a component which is
added for the purpose of maintaining or improving the performance of
these oils and fats. In addition, the derivative of the oil and fat
component comprises a component which is produced as a by-product
in the step of manufacturing the oil and fat product or a component

20 which isintentionally processed into a derived product.

[0041] Examples of the oil and fat component derived from an
animal or vegetable oil include beef fat, corn oil, rapeseed oil, soybean
oil and pamoil. Inthe present invention, as the oil and fat component
derived from an animal or vegetable oil, any of oils and fats may be
25 used and waste oil obtained after using these oils and fats may be used.

However, a vegetable fat and oil is preferable from the carbon neutral
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components form a complex oxide state with aluminum It is considered that this causes an increase in the
support surface area and the interaction with the active metals, thereby exercising an influence on the
activity. 20[0057]The porous inorganic oxide as a support is supported with one or more metals selected
from Group 6A and Group 8 of the periodic table. Among these metals, it is preferable to use a
combination of two or more metals selected from cobalt, molybdenum, nickel and tungsten. The preferred
combination includes, for example, cobalt-molybdenum, 25nickel-molybdenum,
nickel-cobalt-molybdesvoiand arekerdpesssenomeogbibaseoinosadretmecis caponmoration of
nickel-molybdenum, nickel-cobalt-molybdenum and nickel-tungsten.At the time oga%grotreatment, these

metals are convertd¥ §heraRISLfiamstag: iSR! Mo [he; SREPEBnTLINBEHY 66/ #@FiShsed on the

catalyst mass, the r g I % ou %iﬂ en.and yﬁ ig preferably 12 to
35% by mass and r@gr%? p% eﬁa%al OP%; @gr%as@ in er@n%i{bfﬂtﬁe%!(?d% egt%ﬁgg/ sﬁ)gported amount
of tungsten and mOmeiaﬂﬁaymWﬂwB@ thoastivosikihdeoktdseand sufficient activity
does not tend to be obtained. On the other hand, if the total suEported amount of tungsten and

molybdentn 10 eX8¥&E 3506 dymEes v &hiharelh toARASEEL AR yed SIMMient activity

does not tend to be ined. f the tat I f Itﬂgq | is preferably
1.0 to 15% by massﬁaE\ég]ﬁ?mﬁc%egp{;\Z?gg%@%@ t%{ %@iﬁiﬁa@@ﬁ@?@%@%.d . § %tal supported
amount of cobalt andtoickeesteesadhas & Paftypyeidhednati utisgfcertycadalafglyeteacidonot obtained

and the activity tends to decrease. On the other hand, if the total supported amount of cobalt and nickel

exceeds 15% by m#R8 athansktalCarananasatRenetivh esauthreea friclami aekiPaeEESnot tend to be

obtained. [0059]Thege | rfi limitation. ﬁggéh r in ' t into these
active metals, and ?ﬁvéﬁ%ﬁm %@o@&%ﬁ@q@%gk I3 v?/%te{ﬁ a%%lnefﬁﬁégﬂl urlzmﬁ%@}é%talyst IS
producedimay be enpiayecHCHICTORhesiriiat ¢ (aiMySCODP sinategaaied with a
solution containing a salt of an active metal is referab@lg@tmed. In addition, an equilibrium adsorption

25method, a pore-filfirimeRGd hrcaRiisicatld dfrdd nGefibl, datieante &farbiese@ONAdmployed. For

example, the pore-fillj t [ e imwhi ume E?OCIEI' rti sured in
advance and then t &ﬁ%&%ﬁg i&%?%ﬁ%@@%fhﬁﬁ& lﬁ?n%%\flglngéﬂ?lae metay s%?l‘ta sogtiu5 %iloi%. In addition,
the impregnation magied /19 BOOMRr i filbieseats iR PRt 28/ TaItRghaleAdYa Suitable
method 5depending on the supported amount of the metal and physical properties of the catalyst support.
unsaturated bond in the molecular structure; and oleic acid
15 (Ci7H33COOH), linoleic acid (Cy7H3,COOH), linolenic  acid
(C17H29COOH), ricinoleic acid (Cy7H3x(OH)COOH) and the like, which

are unsaturated fatty acids having one or a plurality of unsaturated

bonds.

[0043] The recycled oil and quench ail play the role of suppressing
20 the temperature increase due to the reaction heat in the hydrotreatment.

In the present invention, as described above, as the recycled oil and

guench oil, a part of the hydrocarbon oil (distillate oil), which is

obtained by removing hydrogen, hydrogen sulfide, carbon dioxide and

water from the product to be treated obtained from the hydrotreatment,
25 Is recycled and supplied to the feedstock oil.

[0044] The recycled oil and quench ail preferably contain a part of
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[0060]In the present invention, there is no limitation on the number of types of the hydrotreatment
catalysts to be used. For example, one type of catalyst may be used singly or a plurality of 10 catalysts
different in active metal species or support-constituting components may be used. Examples of a suitable
combination when using a plurality of different catalysts include a catalyst containing cobalt-molybdenum
at the subsequent stage of a catalyst containing nickel-molybdenum, a catalyst containing
nickel-cobalt-molybdenum at 15 the subsequent stage of a catalyst containing nickel-molybdenum, a

catalyst containing thekéiychbedirbupybilenuim addbiri snpsteeuest\stiegk ofl aaradatyséracintaihing
nickel-tungsten, and a catalrst containing cobalt-molybdenum at the subsequent stage of a catalyst
BI‘W@

containing nickel-cdBSHEFRBIYLSRMER. "Aﬂﬂ@k@fﬁl _ @rﬂﬁmé‘&l@tﬁﬁ%@zﬁﬁmmmngd at the
previous and/or su%qﬁgﬁ%tc%%ﬁ o&liheac?é%&én(?nﬁ;osajj%%{ﬁgf. T&B%F}Mr}@? j%gﬂﬁ%g%g pAurallty of

catalysts different in support componehts, e used, for examp ving a content of

aluminum oxide of $ydiede2Pbdry oilbes at ithieldledrsiiene Zbattionatd tasalyathaliocaebopntent of
aluminum oxide of 30% by mass or more and less than 80% by mass based on the total mass of the

support. [0962]EacRitafiisPadedl i tMdeledist [Ieisrtiangted Liosa AmsPauSt RREARKE in the same

manner as that of iZatl talyst ' 5 obtained by
adding a suIfur-corm%%ﬁ%%ﬂﬁgdﬁﬁ@%yéﬁ%%ﬁﬁoﬁg %ﬁ%@%@%ﬁﬁ%ﬁ%ﬁ% of the present
invention or a petrotiemiasecariyonoasitbon Whéreathes20@onaponertds giwenegpdridtharepndition of
hydrogen pressure according to a predetermined procedure. By this procedure, the active metal on the
catalyst becomes @'WQ@%%Q(%B%{@@S@&%QHbﬁgqr@ﬁﬁwtﬁr@%@fﬁfﬁaﬂwﬁ@@%ﬂ/d’?ocarbon
compound is not paéa\z%g/ limited, but specifically includes a sulfide, disulfide, polysulfide, thiol,
thiophene, benzothiophene, dibenzothiophene and a derivative thereof. The sulfur-containing

hydrocarbign compqaodsimay be laestiagiextosfirpemrecycled oil in the feedstock oil is 0.5- to
5-fold by mass to an oxygen-containing hydrocarbon compound derived

from an animal or vegetable oil, and the ratio is determined within the

above range depending on the maximum use temperature of a reactor.

For this reason, if it is assumed that both oils have the same specific

15 heat, the reaction heat may be sufficiently reduced if the content of both
oilsiswithin the above range, because if both oils are mixed at aratio of

1 to 1, the temperature increase becomes half that of the case where a
substance derived from an animal or vegetable oil isreacted singly. In

addition, if the content of the recycled oil is higher than 5-fold by mass

20 of the oxygen-containing hydrocarbon compound, the concentration of
the oxygen-containing hydrocarbon compound decreases and the
reactivity decreases, and in addition, the flow rate of pipes and the like

increases and the load increases.  On the other hand, if the content of

the recycled ail is lower than 0.5-fold by mass of the oxygen-containing

25 hydrocarbon compound, the temperature increasse may not be

sufficiently suppressed.
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150r a mixture of two or more kinds of compounds. Further, a petroleum hydrocarbon fraction containing
a sulfur content may be directly used. [0063]The presulfiding may be performed in the same reactor as
that used for the hydrodeoxygenation reaction. In addition, there can be used a catalyst which is
subjected to presulfiding or a catalyst which 20is subjected to activation treatment using a
sulfur-containing, oxygen- containing or nitrogen-containing organic solvent. [0064]Further, other than the
hydrotreatment catalyst, a guard catalyst, a demetallization catalyst and an inactive filler may be used,

where necessary, {p0046Jpurposthef inesimoioofhmisdaly obtierfeadsritk ibasd resy@detbaitied by a
feedstock oil and supporting the hydrotreatment catalyst at the %rtition part of the c_at@aéyst bed. In
t

addition, these may D105 dePEIGHERHYir EBHRSIn SN Ple RENDGSPAHR SR ASFUMXEBHHR catalyst used

in the present inventj ichi r@.r%a é%b {tr ropqQn:BET %8 is preferably 0.30 to
0.85 ml/g and mor(%gbcéhg4 0%1.{ r%gﬁ]ﬁ%q%eq;rﬁfg&yg%améﬁéle%s? aﬂjE). ﬁn g, the
dispersibility of the mgiebiseapnertddastomdsonsulfiésient esalbtbek asilive Ritesduestdetcetise. In addition,
the pore volume exceeds 0.85 ml/g, the catalyst strength becomes insufficient and the catalyst may be

powdered and brok%ﬁéﬁh@J@@d?@{é@%}#ﬂ%@?tﬂ@@H%% Hhe Brevirtagtapeefdibteter of
RN i e e
reactivity may decrg¢assriasagtiithierniftihe feeeigekpoiiei digmeiduiced between the reactors,

or the catalyst layer is divided in a single reactor and then the feedstock

oil isintroduced between the catalyst layers.

10 [0047] In addition, the sulfur-containing hydrocarbon compound
plays the role of improving the deoxygenation activity in
hydrotreatment. The sulfur-containing hydrocarbon compound is not
particularly limited, but specifically includes a sulfide, disulfide,
polysulfide, thiol, thiophene, benzothiophene, dibenzothiophene and a

15 derivative thereof. The sulfur-containing hydrocarbon compound
contained in the feedstock oil may be a single compound or a mixture of
two or more kinds of compounds. Further, a petroleum hydrocarbon
fraction containing a sulfur content may be added to the feedstock oil.
[0048] As the petroleum hydrocarbon fraction containing a sulfur

20 content, a fraction obtained by atypical petroleum refining step may be
used. For example, there may be used a fraction corresponding to a
predetermined boiling point range obtained by an atmospheric
distillation apparatus or a vacuum distillation apparatus or a distillate
corresponding to a predetermined boiling point range obtained by a

25 hydrodesulfurization apparatus, a hydrocracking apparatus, a residual
oil direct desulfurization apparatus, a fluid catalytic cracking apparatus
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15exceeds 11 nm, the pore surface area decreases and the activity may become insufficient. [0067]In
addition, in the catalyst, in order to maintain the effective catalyst pore and exhibit sufficient activity, the
ratio of the pore volume derived from pores having a pore diameter of 3 nm or less 20to the total pore
volume is preferably 35% by volume or less. [0068] In each of the reaction zones, 8a, 8b and 8c, which
are filled with the catalyst, the feedstock oil is hydrotreated in the presence of hydrogen under the
conditions of a hydrogen pressure of 1 MPa or more and less than 10 MPa. 25[0069]As described above,

the hydrogen pressuoretliieékeirediricatidi fidviPtherf raotioarobtelsethdrohd ddEla.chrithewdovably is 2 to 8
MPa and more preferably 3 to 6 MPa. If the hydrogen pressure is 10 MPa or more, the ratio between the
decarboxylation re N AHIEHEBEMR OREBI TAYoRRHFRIEN MINEE) MR HRSsure s less
than 10 MPa, the dﬁ]ﬁ(ﬁﬁ@ﬁ%ﬁ@ﬁ{] ratio increases according to the 5 reduction of the pressure and the
effect of suppressing the heat generation amount by the reaction appears. However, if the hydrogen

pressure is less thaf0049Pa, theTeiés ademdeancydhat the readfiityoieciensgs dihoeathaty rapidly
decreases. In addition, if the ratio of the decarboxylation reaction is excessively increased, the yield of the

10 hydrocatbon oil E8PHBIRHIRY BUHER BBt bieh&h R (Ye 088 Byisra.ef dhmhad Bibxide is

impaired. Therefore,it i ' ) | lagi j N e lower limit
[0070] In addition, tﬁtés l@%ﬁ@%%ﬁ%ﬁ%@g‘%%@%@ﬁ&ma mlﬁ%ﬂg%range of
preferably 100 to 15pnhéilibr veyetalbfeiéferbraPdol y 296 ML 20 ppidsyeniaiaptbfacably 250 to 1000

NL/L. If the hydrogen oil ratio exceeds the upper limit, the increase effect of the ratio of the

decarboxylation redeSarfbtie Ehde ROdRIYBN Besaass is ihpkiee§0akNt Bfe RIGEH Il ratio is less

than the lower limit, an ' mperature t1 of
the reaction zone Sg%cﬂ%oﬁs%%&gﬁ%@ S%é@ﬁnﬁd;ifgg %@?%gﬁ gk%{{i%gé%%%s (preferably
170C or mgre and 2#0Beosiths) . dfeniniat tanea@ibeesriakadidi ot teastpmzongsidmariesc of the

second or below are equal to or higher than the condensation temperature of water, and the outlet
25temperature T3 cleaxyi@enabpn-G/ gy disthste aiheehad: d dha seatent Hhishe 38dd-or more and

360C orless (prefei@ihtR§ hydrocarbon compound exceeds 50 ppm by mass in terms of

the sulfur atom, the sulfur concentration in the light gas discharged in
the hydrotreatment step increases and the sulfur content contained in the
15 oil to be treated or hydrocarbon oil tends to increase, and thus the sulfur
content may adversely affect an engine exhaust gas purification
apparatus when the fraction is used as afuel for a diesdl engine and the
like. In addition, the sulfur content in the present invention means the

mass content of the sulfur content as measured according to JJ'S K 2541

20 "Determination of Sulfur Content” or the method described in ASTM-
5453.
[0050] In the present invention, the addition of the recycled oil and

the sulfur-containing hydrocarbon compound to the feedstock oil may
be performed simultaneously or separately, but preferably, after the
25 recycled oil is added to the feedstock oil, the sulfur-containing

compound is further added. In addition, the sulfur-containing
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or more and 350C or less). [0072]In addition, if the inlet temperature ()is lower than 150C, sufficient
hydrogenation does not proceed. On the other hand, if the inlet temperature (.1 exceeds 250C, the
amount of the recycled oil or 5quench oil is required to be increased and the energy efficiency decreases.
[0073]Further, if the inlet temperatures t2 and t3 are set at a temperature equal to or higher than the
condensation temperature of water, it means that water produced as a by-product by the 10
hydrotreatment is maintained in a vapor state between the reaction zones 8a and 8b and between the

reaction zones 8b amgtiBocdrbahisotinpaoied ismpgeaturith @ it tBeot thed ebdstdok oframhsation
temperature of water, water produced as a by-product by the reaction forms an aqueous phase and may

contain a Water-sol_@l'?ﬁe rI@Wé_il ?Qtt?iéciﬂ M@qcﬁﬁ%th@‘agi@ d’%ﬁ(ﬁ}gomgﬁﬁé SnaYriker a
water-soluble chlorlﬂﬁgﬁapt%gln% ?Héo%ﬂ&?o?r&gﬁ@(@yﬁﬂﬁgﬁﬁ&@ FQSC?BV%?'?H@% pparatus and

unit. On the other han inlet temperatures t2 an are set at a temperature eq o of higher than

the condensation tetopediatiutg dhdrdearion cosrnpoundf theyarraipsl rrtl anites gesdobsd above may
20be sufficiently suppressed. [0074]In addition, in order to maintain the water produced as a by-product in

a vapor state, the tHBErQiuFEa TSR WREHI L SERKAY el fe@ti@l@ﬂ@@é@?lfh_@' béﬂ%ltb?e_ssure PW
(e o e e eSS A e g T (©) it e 2ssases
[0051] (Hydrotreatment)
In the hydrotreatment reactor 5, each of the reaction zones 8a, 8b and 8c
is filled with a catalyst containing a porous inorganic oxide comprising
10 two or more elements selected from aluminum, silicon, zirconium,
boron, titanium and magnesium and one or more metals selected from
Group 6A and Group 8 elements of the periodic table supported on the
porous inorganic oxide.
[0052] As a support of the catalyst used in the present invention,
15 as described above, a porous inorganic oxide comprising two or more
elements selected from aluminum, silicon, zirconium, boron, titanium
and magnesium is used. Such a porous inorganic oxide is preferably
an inorganic oxide containing two or more elements selected from
aluminum, silicon, zirconium, boron, titanium and magnesium from the
20 viewpoint of being capable of further improving the deoxygenation
activity and the desulfurization activity, and is more preferably an
inorganic oxide (composite oxide of an auminum oxide and other
oxides) containing aluminum and other elements.
[0053] If the porous inorganic oxide contains auminum as a
25 constituent element, the content of aluminum is preferably 1 to 97% by
mass, more preferably 10 to 97% by mass and much more preferably 20
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PW <6.11 x 10'17.5 x T (T+237.3)1 x i0O4(3) That is, if the inlet temperature (tn (n is an integer of n 2)) of
the reaction zone of the second or below is controlled so that the formula (1) is satisfied, the inlet
temperature may be set at a temperature equal 5to or higher than the condensation temperature of water.
[0075]Here, if it is assumed that the feedstock oil and the hydrotreated oil produced do not vaporize at all,
the partial pressure is 0 MPa, and the decarboxylation reaction does not occur (assuming the case where
the maximum amount of the by-product water is generated), 10 and if the partial pressure is represented
by P (MPa), the moter35ytchytrates iof teates of rapneseatdshdnd Midvttwadta)  amomblaf ¢checentration of
hydrogen is represented by MH (mo1/1) and the molar concentration of propane is represented by MP
(mol/1), PW is repreREQe dNsyanal eamsideg g £ementelalumpi was(fﬁﬁhanlﬂ-l% R¥P)(4) [0076]For

example, if it is aSSH[E(?Q' i : ' i - A tri ride of stearic
acid having a fatty aci cﬁl%ﬁ%%%%ﬁgm)%g@;@:ogenﬁgnﬁeﬁ %ﬂ%%%@lﬁé{g cﬁ;ﬁ%reaction
pressure of 5 MPa, dhetHy diggsortpsesenstimptbierabl & itiad raeithien syffieiens dadxyoelestiper mole of the
triglyceride of stearic acid because the hydrogen amount per L (865 g.(0.97 mole?éof the triglyceride of

stearic aci®is 500 [BgHY IBnGeSeaddURRY tRarcHY B digd iadosratBiitedcid RRLBE SN uIar weight of
890 and a density 6% i lgs,0 r i nsumed per
mole of the triglyce?ig eédf%t%(grgl::%gﬁic?gﬁ §§O&6méﬁ:%ﬁ£gﬁf%g&n%@% eg?wa er and%%rnﬁ]cﬁg%? propane are

generated, PWis gumina, the catalyst surface area becomes insufficient and the activity

tends to decrease.
[0054] There is no particular limitation on a method for
10 introducing silicon, zirconium, boron, titanium and magnesium, which

are constituent elements of a support other than aluminum, into a
support, and a solution containing these elements or the like may be
used as a raw materia. For example, there may be used silicon,
sodium silicate solution and silica sol and the like as silicon; boric acid
15 and the like as boron; phosphoric acid or an akali meta sdt of
phosphoric acid or the like as phosphorus; titanium sulfide, titanium
tetrachloride, various akoxide salts or the like as titanium; and
zirconium sulfate or various akoxide salts or the like as zirconium.
[0055] Further, the porous inorganic oxide preferably contains
20 phosphorus as a constituent element. The content of phosphorus is
preferably 0.1 to 10% by mass, more preferably 0.5 to 7% by mass and
much more preferably 2 to 6% by mass based on the total amount of the
porous inorganic oxide. If the content of phosphorus is less than 1%
by mass, nether sufficient deoxygenation activity nor sufficient
25 desulfurization activity tend to be exhibited, and if the content of

phosphorus exceeds 10% by mass, excessive cracking proceeds and the

20



represented by the following formula (5) if the reaction rate is represented by C (%): PW =5 x (6 x C) {6 x
C+(23.0x100-12 x C) + 1 x C} (5) Accordingly, the condensation of the by-product water generated
may 5 be prevented by controlling the temperature according to the reaction rate of the formula (5)
depending on the properties of the feedstock oil, hydrogen oil ratio and reaction pressure. [0077]In
addition, if the outlet temperature T3 is lower than 260C, sufficient hydrogenation does not proceed. On
the other hand, if the 10 outlet temperature T3 is higher than 360C, excessive cracking or polymerization

of the feedstock oil dedrethgretitlefrerehpdrocapenasie éslli Ky 38 nleereldse. the reaction zones 8a, 8b and
8c, preferably, the differences between the outlet temperature and the inlet temperature, 15 ATI (=T1 -

t1), AT2 (= T2 - 12) H¥PARIT3 (= TRerdpwiranstierialaeat she HRNeitientn seraRsRemiS <fs@amount EAT"

(=ATI+ AT2 + AT ééB ' %@!@ Lﬂ’ﬁ %ﬁg ﬁzgpalg tﬁ.p%) the inlet
temperature in eaci%# C |o(rj1ﬁ2%}r$teﬁls Fé)r eg)é& ?ng ﬁy an %A%Hgécee %%%@@I%dot preferable
because the differetiee tral &haveificerthel tupmpoal. expanséxarbphee enetrawppetaia doarer portions of
the reactor becomes large and as a result, metal fatigue is likely to occur. Further, if the total temperature

increase amount EARISciR @ @M opBHSRYELROIBEIQN I tREARSR RRdintBBR f@ient of thermal

expansion between h| 2R Bﬁ/}/ ti K es P#.H%l action
temperature contro ecomﬁeﬁ;{ gp?ﬁéu .?é&%]gﬁr#é]@goﬁ%%ﬁ%eﬁg%ﬂe%ﬁ roI%nHe od-of the reaction
zones, for t1, includgea prgtiapstiobadihstingihenbeaiiag tenape usgldédheofegdstaciwiimthe heat
exchanger 3 and the heater 4. For t2 and t3, it is preferable to control the inlet temperatures t2 and t3 of

the reaction zones Qbﬂﬁﬁ’éﬂ&e@?bﬁrﬂ*@rrﬁ@fe ddipnaatbuehysidne fian R i SITRY _p%lﬁiﬁ@n of quench oil
by supplying a part iﬂgggédirrq%mgﬂ @ﬁ&pﬁﬁ%ﬂ %{)&r%eeﬁlg%?ﬁ?é&aﬁﬁﬁh&f g&ong as the

guench oil between the reattion zones 8a an e reaction zonées 8b and 8c. In

addition, hpdrogen temritediaiyckaeileble maraumedriziaudermedigecor 1Q08#AITde product to

be treated, which is hydrotreated in the hydrotreatment reactor 5, is fractionated into a hydrotreated oil

containing a predetBAVWHEE Paetibe e lBRdHA yHyAdsKNsagechidf Haed et SE5E6 or the
fractionation step 'np'ilé? eﬁr&&t)ip%ﬁt&;\?eaatgngo%% &55?0%@58%}0& égmgy-a?]roaqﬂﬁjiﬁn%h as water,
carbon
hydroxide gel. Although the mechanism of the effect of the
constituent components of a support other than aluminum oxide has not
15 necessarily been elucidated, it is inferred that the constituent
components form a complex oxide state with aduminum. It is
considered that this causes an increase in the support surface area and
the interaction with the active metals, thereby exercising an influence on
the activity.
20 [0057] The porous inorganic oxide as a support is supported with
one or more metals selected from Group 6A and Group 8 of the periodic
table. Among these metals, it is preferable to use a combination of two
or more metals selected from cobalt, molybdenum, nickel and tungsten.
The preferred combination includes, for example, cobalt-molybdenum,
25 nickel-molybdenum, nickel-cobalt-molybdenum and nickel-tungsten.

Among these, more preferred is a combination of nicke-molybdenum,
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monoxide, carbon dioxide and hydrogen sulfide are possibly generated accompanied by the reaction of
the oxygen content or sulfur content contained in the feedstock oil, these by-products are required to be
removed by installing a gas-liquid separation facility or other by- 20 product gas removing apparatuses
between a plurality of reactors or in the product recovery step. The apparatuses for removing by-products
preferably include a high-pressure separator. [0082]When the hydrocarbon oil (effluent) obtained after
removing by-products is fractionated in the fractionator, the oil may be 25fractionated into a plurality of

distillates, where natiekebnotbaht-melyipdentira hgdcbcarbkd -dilngstehe fragtionhtedtinte adfght distillate
such as a gas and a naphtha fraction, a middle distillate such as kerosene, a jet fraction and a gas oil

fraction, and a heaydigiigatnaent iee e ara o ek it dsUhide fateiperRure between the

light distillate and tfﬁ,) 'ggle dis 'Ilé;\ j b re) i elRr 80C and

much more prefera ﬁ to 16% ﬁ%ﬂ%’tﬁt el[ﬁ% %ﬁ]?)%ra g@% gétweeéﬁh@%%% Istillate and the
heavy distillate is pmmblmaoea@g@w, mere[@mfempbomﬁi tcaR@fptarsf mungmeam@ferably 300 to
360C. Further, hydrogen may be produced by modifying a part of the light hydrocarbon fraction 10 to be

produced iR a stearRAAIAGINS A A At alvhie IR dPode TPty s rss @Redmake PrrbaRlywiRch is the

so-called carbon neutrah i entgl C erals used for
steam reforming a&%ﬁ%?gﬁrgﬁgﬁﬁ\%#@mﬂ%é%@%. [(%gg?géer?ér%?@? ?ﬁﬁ%&‘)g@h%@s is
introduced from thetimgsieh nthentistodanion iegiie thath thecfdsdsteek, aheelotie orstiter passing

through the heater 4 (heating furnace). However, apart from this, the hydrogen gas may be introduced

from between the cEENKRANBACLBFHIF BnReW by FIORsiRobLeRs:ter DeoPlR Rt oS bt@ntrolling the
withi intain] 0 inside of th
reattor The hyarogiien Skl B e SR E=r s SRR e ISR e

reactor. The hydrogen oduced’s gen y ca ogen quench hydrogen

to the hydrogen gasxticedy BB dsthervdthitee negezioateonds pfeéetplily18i & bangplume and
more preferably 15 to 50% by volume. If the ratio of quench hydrogen is less than 10% by volume, the

reaction at 25the sUbEEGIRMHt Ity Co8s BEkians: te e ehiaimetknty hedaneg ahthe takakatio of the

guench hydrogen e 9 | ToTg I icinity, of r i oes not tend to
sufficiently proceedéﬁ@§§%%h%rﬁ%ﬂ%§%?r@éﬁaﬂ%gngéggﬁéjﬁ%%%g gcr)e%ge%%oﬁr){/qéﬁ%%n isused as a
gas oil fraction baseystbakordpieyeran a0p ail conaysrabiedst @iffasiprtnaviaa baiinpeoint of 260 to

300C, and 5 the hydrocarbon oil has preferably a sulfur content of 15 ppm by mass or less and an

oxygen content of (9% ByRpRadsdAnesrief e@va base rRiskeh isUrss HamehbYh DY piaFsb@ mass or less
e o oo PSSR0 SR AR RO e
decrease. On the other hand, if the total supported amount of cobalt
and nickel exceeds 15% by mass, the metals are not effectively
dispersed and sufficient activity does not tend to be obtained.
[0059] There is no particular limitation on a method for
20 incorporating a catalyst into these active metals, and a well-known
method which is applied when a genera desulfurization catalyst is
produced may be employed. Generally, a method in which a catalyst
support is impregnated with a solution containing a salt of an active
metal is preferably used. In addition, an equilibrium adsorption
25 method, a pore-filling method, an incipient-wetness method and the like

are preferably employed. For example, the pore-filling method is a
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10filter or a catalyst used in an exhaust gas treatment apparatus of a diesel engine and further the
materials of the engine or others. [0085](Isomerization Method) In an isomerization reactor 10, the
isomerization is carried out by bringing the middle distillate separated in the fractionator 9b into 15
contact with an isomerization catalyst. When the hydrocarbon oil manufactured by the present invention is
used as a gas oil fraction base stock, the isomerization may increase the content of a branched
hydrocarbon compound and improve low-temperature fluidity as a gas oil fraction base stock. In addition,

the disposition of thméthciibiratehi 2l tegyaléhelspnecolz atisupprt iy heéasuexkineaiaanca hydrocarbon
oil obtained after separating hydrogen, hydrogen sulfide, carbon dioxide and water in the separator 6a is

isomerized, and theith&eo i sHaRAM ) hereapatRthH hthr SRR oS Rf [ GoBEPhe reaction
zones of isomerizaty congti : i lyst ituted by a
plurality of catalyst be s%l}r}:J tEt)@&ltionﬁ, v%%‘%é%i%@@r%@ﬁﬁu%@%ﬁ%@ral| of catalyst

beds, the catalyst biedsitethy Awisepatppbrinataljeddn mynalmarattoy o apitaialéy oktkedtors are
disposed in series or in parallel and the catalyst beds may be installed in each of the reactors. [0087]As

the form ofthe reactiSPRNEABI QAL SEBREEIEH Bmasnkal e meial @ity s\eakRORELHSE employed.

That is, hydrogen na)ﬂt?%%faa@)grw 8’ er a counter flow system or a cocurrent flow system for the oil to
be treated. In addition, when a’plura |R/ of reactors is used, a combination of a counter flow system and a

cocurrent flow syst¢@0a@}y be emplthehréseptuiimeehtion; iduee 11 dawvrifieitaiste vrmeyebe employed
as the general form. Further, the reactors may be used alone or in combination of a plurality of them, and

there may be empld}aRestRicteen WhithanBYidmtednent asaaliy it PRIYEGIurdi®y of catalyst

beds. [0088]The isq gqlﬁ (o] talyst i ngE Eﬁ:rgf y imi S ng as i rqisomerization
activity, but preferaég u e# ’isr,b g%a?g?;ésta \];VhIC ontlglﬁr’lgl aﬂgot}%%sair?oél nigroédﬁéngcalﬂlﬁ inlérTg two or more
elements g@lected feoral phisniiffioreftcoim ZishiaUmeiarogpétisiubrargppagheshditatidgone or more
metal elements selected from Group VIl elements of the periodic table supported on the porous

20inorganic oxide. [@S@I@Q}K@'ﬂﬁ% g!ﬁYpbﬁ usede idoxaspkasonl As/abia cembinigWheRore elements
selected from alum'ﬂgﬂb Sél"?a?ﬂrgﬂﬁglo'awaifferent catalysts include a catalyst containing

cobalt-molybdenum at the subsequent stage of a catalyst containing
nickel-molybdenum, a catalyst containing nickel-cobalt-molybdenum at
15 the subsequent stage of a catalyst containing nickel-molybdenum, a
catalyst containing nickel-cobalt-molybdenum at the subsequent stage
of a catalyst containing nickel-tungsten, and a catalyst containing
cobalt-molybdenum at the subsequent stage of a catalyst containing
nickel-cobalt-molybdenum. A nickel-molybdenum catalyst may be
20 further combined at the previous and/or subsequent stage of the
combinations thereof.
[0061] When combining a plurdity of catalysts different in
support components, there may be used, for example, a catalyst having a
content of aluminum oxide of 80 to 99% by mass at the subsequent
25 stage of a catalyst having a content of aluminum oxide of 30% by mass

or more and less than 80% by mass based on the total mass of the
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boron, titanium and magnesium, and more preferred is an inorganic oxide (composite oxide of an
aluminum oxide and other oxides) 25containing aluminum and other elements from the viewpoint of being
capable of further improving the hydroisomerization activity. [0090]The porous inorganic oxide preferably
comprises at least two or more elements among aluminum, silicon, zirconium and titanium. The porous
inorganic oxide may be either in an amorphous state or in a crystalline state, and a zeolite may be used.
When a zeolite is used, a 5 zeolite having a crystalline structure such as FAU, BEA, MOR, MFI, MEL,
MVVW, TON, AEL snad@T.T, among the structure codes specified by the International Zeolite Association
is preferably used. [0091] As the metal s%i)ported on the isomerization catalyst, preferred is one or more

metals selected frofP@R&hents dFraEMLGALAINBbUSRSIHR HegiRirSeRbIEVRABAY WIA¥haRdieeBreferred are
tal d: , ' , [ d Pt, Rd,
Ru and i m adaiti ondbe aomerififelf i thé b hfblinke ATURNRES DR

e ac usedinc WO or more metals, and

examples of such atgeirddestidorizelioe Risfilydtt-RUFGH-RiRaRiphe), dyd Bilig1F0peaHanethod for
incorporating these active metals into a catalyst is not pa_rticulargglimited, and a well-known method which

is applied when proabi@hied iy a0delago PedhErCoRalLbeh Ay BOcrHBRY CPMIPgEAd P, & method of
impregnating a sol%y@,ggg%gﬁngiﬁ %lltaﬂg%i: ﬁﬁ:t%ﬁé@ I.B’F"tﬁéﬁé@éﬁﬂﬂ%ﬁtfaﬁr Fe%ably employed.

20 In addition, an equilibrium adsorption method, a pore-filling met n incipient-wetness method and

the like are preferalpp ashainyehsbd heupotalt oM @i orediTPTEIas irmara edgiden widen the pore
volume of a support is measured in advance and then the support is impregnated with the same volume

of a metal salt solutiBg. WB@Hi%h,QﬁeW?ﬁﬁ%ﬁﬁﬁﬂlﬁ%m@m partRuRIepeiBmeshd a support
Dropertes of the cab R e AporE THL HE B e A R O A S, Sedieror
complex 9@t form o4 thgHemeid!sare cipsp i bitanthauactiv splutiTher uuitaidatargidgc solvent and
the resulting solution is used as an impregnation 5solution. [0093]In addition, in the inlet of the reaction
zone for hydrocarbon compound is not particularly limited, but specifically
includes a sulfide, disulfide, polysulfide, thiol, thiophene,
benzothiophene, dibenzothiophene and a derivative thereof. The
sulfur-containing hydrocarbon compounds may be a single compound
15 or amixture of two or more kinds of compounds.  Further, a petroleum
hydrocarbon fraction containing a sulfur content may be directly used.
[0063] The presulfiding may be performed in the same reactor as
that used for the hydrodeoxygenation reaction. In addition, there can
be used a catalyst which is subjected to presulfiding or a catalyst which
20 Is subjected to activation treatment using a sulfur-containing, oxygen-
containing or nitrogen-containing organic solvent.
[0064] Further, other than the hydrotreatment catalyst, a guard
catalyst, a demetallization catalyst and an inactive filler may be used,
where necessary, for the purpose of trapping the scale content which
25 flows in accompanied by a feedstock oil and supporting the

hydrotreatment catalyst at the partition part of the catalyst bed. In

24



isomerization, a feedstock oil to be isomerized has a sulfur content of preferably 1 ppm by mass or less
and more preferably 0.5 ppm by mass. If the sulfur content exceeds 1 ppm by mass, the progress of the
10 hydroisomeriation in the first step may be prevented. In addition to that, the sulfur content
concentration of the reaction gas containing hydrogen introduced together with the feedstock oil to be
isomerized is required to be sufficiently low, and the concentration is preferably 1 ppm by volume or less
and more preferably 0.5 ppm by volume or less. 15 [0094] The reaction conditions in the isomerization

step are preferably adaltilopg eheseaseyrbetidethal 6rd Bri ra dioywiol hatloky sreefvelocity (LHSV) of 0.1 to
3.0 h and a hydrogen alil ratio (hﬁdrogen/oil ratio) of 100 to 1500 NL/L; more preferably a hydrogen

pressure of 2 to 8 MB@63 liquid h8er P EleBeInpiLENS saihystidsesinigndhe 2§ gen oil ratio
hyd /oil rati i 2.5t0 8 MPa,
a hquie nourly spaci VSR AR ey L o SR AL R ) o 250 1

1000 NL/L. All of thpeef ecintitiorB0ate Gegfond paitbraore fiwefeeabdy 0045 ¢a@i60 adlifgity of the catalyst,
for 25example, if the hydrogen pressure and the gigrogen oil ratio are less than the above lower limits,

the reactivily tends t0IBEFEa%el UM el 68340aR £:a0idntioh dhesdisprrisi Pididie e he m@i@other hand, if
he hvd S _ hi T
the hyadrogen pressgﬁﬁ eﬂp%&/meﬁ‘s%fﬁé’e%X&?&g_ﬁaﬁﬁﬁﬁé&@&e = cegsive investment

in equipment such as'd compressor ten require uid hourly space
velocity 5 is, the merkiididrantageporet ehdmio bectadkh eOreB iy Hehweveralf/thestiawigthourly space
velocity is less than the above lower limit, a reactor hav{g an extremely large internal volume is required

and an excessive iRREQMERt MsEtfishererAndnineic@al wshuiray. bs BRvsReahand, rtdenquid hourly

space velocity exc %ﬁﬁﬁ ggve upper limits, 10the reaction does not tend to sufficiently proceed.
[0095]The reaction temperaturé in the isomerization step is in the range of preferably 220 to 390C, more

preferably @40 to 330068d espetietenrafesabitadps thadodn Ihikeagaghoretelipacddurefs lower than

220C, a sufficient hydroisomerization reaction does not 15proceed, and if the reaction temperature is

higher than 390C, dX€e&ILYcPalékikly IMone arIe et e W 0p Pt S det T IR R merization
tep, lly, th d ich js,i ' the ' ith the feedstock
oi 1o he momerized € proa AR o R0 ot e e e Bl o

upstream or downsigfopl thgokgatend sumatcesiffitiertBsirpresipanaitke ordyegqietmned reaction
temperature. However, apart from this, the hydrogen gas may be introduced from between the catalyst

beds or from betweESPeliMilyalijoyt Aesceaseor Resitiose of dbetravRigaaenertpdrmgtevithin the

reaction zgie as Well ceeds 11 nm, the pore surface area decreases and the activity may

become insufficient.
[0067] In addition, in the catalyst, in order to maintain the
effective catalyst pore and exhibit sufficient activity, the ratio of the
pore volume derived from pores having a pore diameter of 3 nm or less
20 to the total pore volume is preferably 35% by volume or less.
[0068] In each of the reaction zones, 8a, 8b and 8c, which are
filled with the catalyst, the feedstock oil is hydrotreated in the presence
of hydrogen under the conditions of a hydrogen pressure of 1 MPa or
more and |ess than 10 M Pa.
25 [0069] As described above, the hydrogen pressureis required to be
1 MPa or more and less than 10 MPa, and preferably is 2 to 8 MPa and
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25as maintaining the hydrogen pressure over the whole reaction zone (quench hydrogen).Alternatively, a
part of any of or plural combinations of a product oil, an unreacted oil, a reaction intermediate oil and the
like may be introduced from between the reaction zone inlet and the catalyst bed or from between a
plurality of reactors or the like. Thus, an excessive cracking reaction or a runaway reaction caused by an
5 increase in the reaction temperature can be avoided by controlling the reaction temperature. [0097]The
product oil after the isomerization may be fractionated into a plurality of fractions in a fractionator, where
necessary. For example; prefpradlycBotbnGyvirafradfiahetbgdntgenliphestintdlaselfudthPaloas a gas and a
naphtha fraction, a middle distillate such as kerosene, a jet fraction and a gas oil fraction, and a heavy

distillate such as a FBSIGue tectib on thebvrase, dhecileerbrlaHoBetReEH AR RYEt dibRlate and the
middle distillate is p %%Q&Cﬁ%ﬂistr}%%g%?ferﬁy ﬁ%ﬁ?ﬁg%%@?ﬁﬁ%gggﬁfembly 140 to

160C. In addition, the cut temperatu een the middle ate is

preferably 300 to 4@R&h mOordvpreethblydd0artmIPRE emd aiechnorssesetexartli 3§O0tto 86&HC. Further,
hydrogen may be produced by modifying a part of the light hydrocarbon fraction to be produced in a

steam refoPming apfReetiONT I AR oBEFPHIR ) BHEE 2 pPUBRIEPIUMCHIE thido-called carbon

neutrality and can r gf‘igreaf ' n ra il Uﬁ%ﬁi reforming are
hydrocarbons deriv§ rom i(%é@ﬂm@g@%%%ﬁﬁgﬁg@%aﬂﬁ%%g@drocﬁi@@gl IS carried
out, the product oil phtesned is thessamaarizaNpPsstenegenigins teritidrianahed thyelregptpgimcompound. In

this case, the content of the branched hydrocarbon compound is Ipreferably 5 to 90%, more preferably 10

to 80% and especidl§CHraserdNthe astbidy FanidiyheestrrRSed Bregdition drfdRretdP Bk product oil. If

the content of the byanc I : dis ve | Wik, effect of
improving Iow-temp{éﬁ%ture laidi %glﬁ)@vr}é;%%?mﬁg ?8%3@%%@%%%%&}? Wfélr%ﬁrgﬁg compound is
higher thathe abongdropainitithectrgiemainls of the ermaiitiiactias jFstarreaseralBpod] The
hydrocarbon oil manufactured by the present invention and_its isomerized oil may be suitably used
especially as a diedIGhEbiCAERUViE R el D ixpaissk orThREi Myl baseeloskiteheHiRirocarbon 10
oil according to the pr inventi al jese i iation fuel base stock or
a heavy oil base sté%@,’%téc@ré éjé(%%e égﬁéii%l%g%@%ﬁ%ﬁw\%&ol%afﬁ&%g@gock or a heavy oil base
stock with which cofapgognts sueh afoftiloer, Reensigeigeareimixeid {sytegehas basgstdeks, there may

be mixed a gas oil fraction and/ora
the hydrotreatment isin the range of preferably 100 to 1500 NL/L, more
15 preferably 200 to 1200 NL/L and especially preferably 250 to 1000

NL/L. If the hydrogen oil ratio exceeds the upper limit, the increase

effect of the ratio of the decarboxylation reaction in the above hydrogen
pressure is impaired, and if the hydrogen ail ratio is less than the lower
limit, sufficient hydrogenation may not proceed.

20 [0071] Further, the inlet temperature t; of the reaction zone 8a
disposed on the most upstream side is 150°C or more and 250°C or less
(preferably 170°C or more and 240°C or less), the inlet temperatures t,
and t;3 of reaction zones 8b and 8c of the second or below are equal to or
higher than the condensation temperature of water, and the outlet

25 temperature T; of the reaction zone 8c disposed on the most

downstream side is 260°C or more and 360°C or less (preferably 260°C
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15 kerosene fraction obtained in a common petroleum refining step and a residue fraction obtained by the
manufacturing method of the present invention. Further, there may be mixed a synthetic gas oil or a
synthetic kerosene, which is obtained through the Fisher-Tropsch reaction and the like using a so-called
synthetic gas comprising 20 hydrogen and carbon monoxide as a raw material. The synthetic gas oil or
synthetic kerosene is characterized in that it contains almost no aromatic content, mainly consists of
saturated hydrocarbons and has a high cetane number. In addition, the method for manufacturing the
synthetic gas is notgramtotdaityl [B50ed antesgjvell-known method may 25be employed. [0100]The residue
fraction obtained by the manufacturing method of the present invention has a sulfur content of 0.1% by

mass or less and ah@&4len corlie@0611198.0§ theslst itaperiurRbS lverr 4830 18R0SGfur heavy base
stock. In addition, t i ion | f %foc il %ﬁﬁg‘y ' king, In this
manner, the residug;‘a gﬁra%ﬁﬁﬁﬁ@ﬁ%hﬁé@gl uﬁchc?n?ént IS s'upER?(;!c}I I’t?cé): a cata?;%@agﬁjciﬁr?g apparatus,

thereby enabling prpflectiompéaiaredx bassS2ECROT ateeafisiint dfageestecisl bavin arlow sulfur

content. Further, the residue fraction may be used as a feedstock oil for hydrocracking. If such a residue
fraction is Supplied B8N rdskirRpEiiBer dRisPehdnGreated Ansciie) RSB FRBFRED or the high
quality of the propeaﬁ#F ch fraction of the product oil may be attained. Examples [0101]Hereinafter,
the present invention will be Turther specifically described based on Examples and Comparative
Examples, 15but thEopEsient inventiberis ifiotheniteiétodhepiattowiey Exantblesafel6a](Bregaration of
Catalyst) <Catalyst A> A mixture was prepared by adding 18.0 g of sodium silicate solution No. 3 to 3000
g of an aqueous solGHPEHILEEE BFuahdo FPistiakier A0AN A, condengalienmiRiupeaiEeated in a vessel

kept at a temperatuy 65¢C. o] h in rate vessel mperagyre of 65C, a
solution was prepaur\el\(?gP é{/ acﬁdi%%g?d g g@%ho@ﬁ%mﬁ a@l ané%t%ﬁioﬁ%%&ﬁj g 3§goaéHcé)f an agueous
solution of @.5% by myaisstréparnus mafateirriad e hegsttisarsobionewasiasdedadiopwise 25the

solution containing sodium aluminate. The addition of the solution was stopped when the mixture solution
reached pH 7.0. Théaresfmgnd 8b and between the reaction zones8b and 8c.  That is, the

inlet temperatures t, and t; are less than the condensation temperature of
water, water produced as a by-product by the reaction forms an agueous
phase and may contain a water-soluble lower fatty acid such as formic
15 acid and propionic acid or further a water-soluble chlorine-containing
compound or the like, thus causing the corrosion of the apparatus and
unit. On the other hand, if the inlet temperatures t, and t;are set at a
temperature equal to of higher than the condensation temperature of
water, the corrosion of the apparatus and unit as described above may
20 be sufficiently suppressed.
[0074] In addition, in order to maintain the water produced as a
by-product in a vapor state, the temperature may be controlled so that
the relation between the partia pressure PW (MPa) of the water
produced as a by-product and the temperature T (°C) at that time
25 satisfies the conditions represented by the following formula (3), based

on Tetens equation:
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slurry product was filtered out to obtain a cake slurry.  The cake slurry was transferred in a vessel
equipped with a reflux condenser and to the vessel were added 150 ml of distilled water and 10 g of a
27% ammonia aqueous solution. The mixture was then heated 5 and stirred at 75C for 20 hours. The
slurry was placed in a kneader and kneaded while heating at 80C or higher to remove moisture, thereby
obtaining a clay-like kneaded product. The resulting kneaded product was extruded by an extruder into a
cylindrical shape having a diameter of 1.5 mm The resulting cylindrical product was dried at 10 110C for

one hour and then galgires Bt &SIIQZ\{ta_gbtaih—:a(mem:;)yprUt“ Int¢3n eggplant-type flask were
placed 50 g of the resulting molded support and then injected an impregnation solution containing 17.3 g

of molybdenum trioXiggal 1.3 gl dokitampRicite @ dkatydead) 198 PhifpRogph&icthsid

(concentration: 85% d.4. f i ' [ CE%'{:F\*”? i ' t impregnated
sample was dried ai; %ﬁc%(%]%ésfﬁ bﬁﬁgnw&cﬁzine atﬁ%@%@%ﬁ@gggﬁaﬁr@aysical
properties of Catalygt)A prefisfas athesivet itehpeletlr80R406¢<Satal s t&rpatatareegplant-type flask
were placed 50 g of a commercially available silica-alumina catalyst support (N632HN, produced by Nikki

Chemical Qo., Ltd.)!ard tHERehjbER herandessa spitrmpeatitiRah WX platinum (1) chloride while

deaerating with a r vaporat 5.he impr ?}f\?qls le.was dri 110C n calcined at
350C to obtain Catig(g@. The ?t%%rtﬁd%rﬁ?u%% pla inf:rﬁr%]f’ii afa%é%a\%vaéﬁo.ﬁp byqr%ass based on
the total amount of Hyelestiaiisid (611 PFbilakte dd KortalysirfzE&ataly st pabdidIcordenlr@sly mass, based

on mass of support) 91.2 ) ) )
Pa, and the decarboxylation reaction does not occur (assuming the

case where the maximum amount of the by-product water is generated),
10 and if the partia pressure is represented by P (MPa), the molar
concentration of water is represented by MW (mol/l), the molar
concentration of hydrogen is represented by MH (mol/l) and the molar
concentration of propane is represented by MP (mol/l), PW is
represented by the following formula (4):
15 PW =P x MW + (MW + MH + MP) (4)
[0076] For example, if it is assumed that the ided
hydrodeoxygenation reaction occurs for a triglyceride of stearic acid
having afatty acid carbon number of 18 with a hydrogen amount of 500
NL/L and at a reaction pressure of 5 MPa, the hydrogen present in the
20 initial reaction system is 23.0 moles per mole of the triglyceride of
stearic acid because the hydrogen amount per L (865 g (0.97 moles)) of
the triglyceride of stearic acid is 500 L (22.3 moles) assuming that the
triglyceride of stearic acid has a molecular weight of 890 and a density
of 0.865 g/cm®.  Since from the formula (2), 12 moles of hydrogen is
25 consumed per mole of the triglyceride of stearic acid at 100% reaction,

and 6 moles of water and 1 mole of propane are generated, PW is
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100 Si02 content (% by mass, based on mass of support) 4.8 0 P205 content (% by mass, based on
mass of support) 4.0 0 Mo03 content (% by mass, based on mass of catalyst) 24.0 0 NiO content (% by
mass, based on mass of catalyst) 2.6 0 P205 content (% by mass, based on mass of catalyst) 4.0 0.5
Pore volume (ml/g) 0.75 0.47

represented by the following formula (5) if the reaction rate is
represented by C (%):
PW=5x(6xC)+{6xC+(23.0x100-12xC)+1xC} (5)
Accordingly, the condensation of the by-product water generated may
5 be prevented by controlling the temperature according to the reaction
rate of the formula (5) depending on the properties of the feedstock ail,
hydrogen oil ratio and reaction pressure.
[0077] In addition, if the outlet temperature T3 islower than 260°C,
sufficient hydrogenation does not proceed. On the other hand, if the
10 outlet temperature T3 is higher than 360°C, excessive cracking or
polymerization of the feedstock oil and other side reactions may
proceed.
[0078] In each of the reaction zones 8a, 8b and 8c, preferably, the
differences between the outlet temperature and the inlet temperature,
15 AT, (=T1-1), AT, (=T, - tp) and AT (= Ts - t3), are 80°C or less and
the total temperature increase amount AT, (= AT, + AT, + ATj3), which
Is the sum of the difference between the outlet temperature and the inlet
temperature in each reaction zone, is 200°C or less. If AT,, AT,and
AT3 exceed 80°C, it is not preferable because the difference in
20 coefficient of thermal expansion between the upper and lower portions
of the reactor becomes large and as a result, metal fatigue is likely to
occur. Further, if the total temperature increase amount ZAT,, exceeds
200°C, it is not preferable because the difference in coefficient of
thermal expansion between the upper and lower portions of the reactor
25 becomes large and the reaction temperature control becomes difficult.

[0079] Examples of the temperature control method of the reaction
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Average pore diameter (nm) 7.0 5.2 Ratio of pore volume derived from pores with a pore diameter of 3
nm or less based on the total pore volume (un) 22 39 5[0105](Example 1) Three reaction tubes (having
an inner diameter of 20 mm) filled with Catalyst A (100 nil) were fitted in a fixed-bed flow reactor in a
countercurrent fashion. Thereafter, the presulfiding of the catalyst was carried out for 4 hours under the
conditions of an average temperature 10 of the catalyst layer of 300C, a hydrogen pressure of 6 MPa, a
liquid hourly space velocity of 1 h and a hydrogen/oil ratio of 200 NL/L using a straight run gas oil (sulfur

content: 3% by masg)neghfdintethpittulfide Akehddeopradjuléting tlredeetivhtheempisigudistofate of 15
fractionated in the fractionator described later was recycled to palm oil (the ratio of a compound having a

triglyceride structur@fERASIGEE AL the Mg Rrelanesh 2 sRthEmbedgistoy FNid) Aadikg the

properties shown i T!%?]#? ' f faﬁﬁep(ﬁ n a {L( ck oil), and
then the oil to be trrgg e w%é%?&)gﬁ%ﬂ&{/@jﬁ%ﬁcﬁnethy su ?fegs%ztég?t%eggﬁ%jcon ent (in terms of
the sulfur atom) is Ibpesnghy aneasr lBseashoihéhmpedtloiwnBheani ilder dfiainghe asioplyied out using the
oil to be treated. The oil to be treated had a density at 15C of 0.916 g/ml and an oxygen content of 11.4%

by mass. 5 In addifR9s {08 HevensihPHoRYtisHRRMERIse: e fipkt FeachyArREERRR ®mperature (t1)

of 180C, a hydrogep pu. Iy r - ity :0gen/oil ratio of
500 NL/L. In additio%'))a g‘?@%@%%ﬁ%%%é%h?é?%\@%ﬁén&%ﬁ%ﬁ%ﬁ%@ﬁrﬁfor so that the
inlet temperatures dfeivecepadiec caatinrzbites Szpadsheribiioh tesaeiiam ttheerasetidrr RS and t3 =

230C, respectively, was introduced as guench. The treated oil after the hydrorefining was introduced into

the high-pressure s8BaRBtbBf reffl RdH afe gBHIrager s tiriE avi oA aixlad BayviRRer from the
treated oil. The efflqggh e i jQn of the high-pressure separator was 15 introduced into the
fractionator and frac |on2%é4r%égﬁgar§a§fﬁlate having a boiling point of less than 150C, a middle
distillate having a bpgggppoint oThe0rodbeC tande treateddigitiate havipdratbedtiad peitkhdigher than
350C. A part of the middle distillate was cooled with cooling water to 40C and recycled to the palm oil

which is a 20 feedéib!@@iﬁaﬁmrwabo%, knd Epetieiaed W&@ccﬁlebb@ﬁ@!%@@ﬁs Bil base stock.
renction tube outet AN IGHHC RCEIE et e A STRB T e 19 2 remction tube
and the resulting reguéts iaretehessaiadielord the 2pagdibiei o daplerthad reetienétdhe germ "C15 to
C18 quantity in the
and 9b.
15 [0081] In addition, since by-products such as water, carbon
monoxide, carbon dioxide and hydrogen sulfide are possibly generated
accompanied by the reaction of the oxygen content or sulfur content
contained in the feedstock oil, these by-products are required to be
removed by installing a gas-liquid separation facility or other by-
20 product gas removing apparatuses between a plurality of reactors or in
the product recovery step. The apparatuses for removing by-products
preferably include a high-pressure separator.
[0082] When the hydrocarbon oil (effluent) obtained after
removing by-products is fractionated in the fractionator, the oil may be
25 fractionated into a plurality of distillates, where necessary. For

example, the hydrocarbon oil may be fractionated into a light distillate
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hydrocarbon oil after the separator" shows the ratio of the hydrocarbon compound having 15 to 18
carbon atoms (middle distillate) in the effluent after the hydrorefining as a relative value assuming that the
value in Example 1 is 100. If the value becomes smaller, it means that the yield of the middle distillate is
poor and excessive cracking proceeds 5in the hydrorefining. Further, if the value of 4T11 is larger, it
means that heat generation is large in the hydrorefining treatment. [0106](Example 2) The hydrorefining
was carried out in the same manner as in Example 1 except that the hydrogen pressure was set at 3
MPa. The hydrorefigifg t8eopakiimns arashihariraciioh)adrmdd édi seHattrmicbsaitkenssatigwn in Table 4.
[0107](Example 3) The hydrorefining was carried out in the same manner as in Example 1 except that a

part of the treated A HRArAHIeN @]grédg@ﬁscﬁlefféﬁﬁi&%cﬂﬁ aineMy Kl sep&ator was _
cooled with cooling t@%éﬁdﬁ%%ﬁ.ﬁ?d th’?@ﬁ%%%@ Fhé’b&i}}gé%&%ﬂa?%‘%%iﬁ@? pn the palm oll,

instead of recycling the mi llate after fractionation. The hydrorefining conditions are shown in

Table 3 and the resgitnaies atiel aseshiividl én disthlfate 29[pideidbipnoe 40 TABOMTIrtmepection tube

(having an inner diameter of 20 mm) filled with Catalyst B (150 mL) was connected to the subsequent

stage of the fixed besEigiaeadE) i Ehfpiand pPRIChdnRMVescie@bind4EnéRt was Barried out under
th diti f : lyst | . : f5 MP
c onotons o o sy TSR BRAR S oy SORTE TSRt L5

and a hydrogen gas flow rate 0 ours. aining a middle distillate was
carried out in the s3yagmadisg ! afeind=ppehalably 2800the rasth@! fiasitepireleyelsiyy ve@ingoduced into

th(=T fourth_ rea}ction tgggogaving an inner diameter of 20 mm) filled v(\)/ith Catalyst B (150 mL) and subjected
to isomerization. and much more preferably 300 to 360°C. Further, hydrogen
may be produced by modifying a part of the light hydrocarbon fraction
10 to be produced in a steam reforming apparatus. The hydrogen thus
produced has a property which is the so-called carbon neutrality and can
reduce the environmental |oad because the raw materials used for steam
reforming are hydrocarbons derived from biomass.
[0083] Generally, the hydrogen gas is introduced from the inlet of
15 the first reactor together with the feedstock oil before or after passing
through the heater 4 (heating furnace). However, apart from this, the
hydrogen gas may be introduced from between the catalyst beds or from
between a plurality of reactors for the purpose of controlling the
temperature within the reactor and maintaining the hydrogen pressure
20 over the whole inside of the reactor. The hydrogen thus introduced is
generaly called quench hydrogen. The ratio of quench hydrogen to
the hydrogen gas introduced together with the feedstock oil is preferably
10 to 60% by volume and more preferably 15 to 50% by volume. If
the ratio of quench hydrogen is less than 10% by volume, the reaction at
25 the subsequent reaction site does not tend to sufficiently proceed, and if

the ratio of the quench hydrogen exceeds 60% by volume, the reaction
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5 Firstly, for Catalyst B, reduction treatment was carried out under the conditions of an average
temperature of the catalyst layer of 320C, a hydrogen pressure of 5 MPa and a hydrogen gas flow rate of
83 ml/min for 6 hours. Subsequently, isomerization was carried out under the conditions of an average
temperature of the catalyst layer of 330C, a 10 hydrogen pressure of 3 MPa, a liquid hourly space
velocity of 1 h and a hydrogen/oil ratio of 500 NIL/L. The oil after the isomerization was further introduced
into the second fractionator and fractioned into a light distillate having a boiling point less than 150C, a

middle distillate haviinghe biiinigypofrthefréacter 3heiaas ohtang tdistilfit draljny ecédalboiling point
exceeding 350C. The second middle distillate is used for a gas oil base stock. The hydrorefining

conditions are showRG84lable 3\Whethie Juehgcrroes ark BisiasturedidY. IoeoRESthparative

Example 1) The hy Ining: £l in; gﬁn [ IEX@Z‘}P ept that the
first reaction tube irﬂﬁe??e{%ﬁggﬁﬁﬁag%eta grﬁé%qéa gn a pgrig%%’tﬁe tr egcéﬁtﬁ%rﬁ& VflhiCh
by-products were respangasvth et hidraptiess Heiseparbod wppoiot eic?ehied BeOvEcartbe reactors. The
hydrorefining conditions are shown in Table 5 and the resulting results are shown in Table 6.

25[0110]((50mp_araﬁb8 hxa_fﬁs%@mﬂ@ h%@@ﬁﬁ@%%&%&?ﬁmh%é§d?ﬁ@rﬁ¥nﬂﬁsﬁs in Example
1 except that dlmeg}yll%d&}ga&]n%&ﬁ%ﬁégﬁaw &I.é@gﬂoma%ngrc?%tlgﬁa %ﬁpown in Table

5 and the resulting results are shown'i ere, when comparing catalyst lives assuming that the

catalyst life of Exanpplsferabl{08, shié ratalirinifoni12 Gom i ativesoaienteahavan S ypgehshortening of

catalyst life was observed due to no addition of a sulfur-containing hydrocarbon compound. The term

"catalyst life" as usE@MERL 9T O By e JSHthd hybretBdn Griantyahdcaxyieet 18 in a

hydrocarbon oil is d e ing t [Qifi 1 d
10[0111](Comparat§/(%ﬁ%<%r§§%%) %ﬁ%ﬁ%@rﬁgﬁ dvﬁﬁba%ﬁl%%u |ria]t{r11%}ila%rf1ﬁéérﬁ§enr?gr %s in Example
1 except it the inkeltteroper atiepy HBUSAINA HrirddRarliqas hevne BRRaPAOE dlyzdissting the amount

of quench and the hydrogen pressure was set at 11 MPa. The hydrorefining conditions are shown in
Table 5 15and the @RS ghthivsthenthersaeiamebibeaadingpeatBfESshown in Table 6. The

O R oo R STMB R e 1005 hours elapee o n s of e
In an isomerization reactor 10, the isomerization is carried out by
bringing the middle distillate separated in the fractionator 9b into

15 contact with an isomerization catalyst. When the hydrocarbon oail
manufactured by the present invention is used as a gas ail fraction base
stock, the isomerization may increase the content of a branched
hydrocarbon compound and improve low-temperature fluidity as a gas
oil fraction base stock. In addition, the disposition of the fractionator

20 9b and the isomerization reactor 10 is reversed and a hydrocarbon oil
obtained after separating hydrogen, hydrogen sulfide, carbon dioxide
and water in the separator 6ais isomerized, and then the isomerized aill
may be fractionated in the fractionator 9b.

[0086] The reaction zones of isomerization may be constituted by

25 a single catalyst bed and may be constituted by a pluraity of catalyst

beds. In addition, when the reaction zones are constituted by a
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20inspected in detail and as a result, corrosion was confirmed. [0112](Comparative Example 4) The
hydrorefining was carried out in the same manner as in Example 1 except that a part of the treated oil
from which by-products were removed with the high-pressure separator was not recycled to palm oil.
25The hydrorefining conditions are shown in Table 5 and the resulting results are shown in Table 6.
[0113](Comparative Example 5) The hydrorefining was carried out in the same manner as in Example 1
except that the recycling of the middle distillate was set at 7-fold by mass based on palm oil and a part of

the treated oil from plbichityyob catalystbedsettenuaralysvitietisenheyhbiereeparateispaistaifedas not
guenched between the reactors. The product oil contained unreacted raw materials and the

hydrodeoxygenatioH Y@ REHEdIEPRERs @fiadhH(aH Y cele EEaEHY SR RERARRASh aRiESQir'shown in Table
5 and the resuiting g 45 FIR2dA R Beck iy B Haledh VagrIap Rl A 7L Paim o)

[0087] As the form of the reactor in the reaction zones of
5 Isomerization, a fixed bed system may be employed. That is,
hydrogen may be supplied by ether a counter flow system or a
cocurrent flow system for the oil to be treated. In addition, when a
plurality of reactorsis used, a combination of a counter flow system and
a cocurrent flow system may be employed. A cocurrent gas-liquid
10 downflow system may be employed as the general form.  Further, the
reactors may be used alone or in combination of a plurality of them, and
there may be employed a structure in which the inside of a reactor is
divided into a plurality of catalyst beds.
[0088] The isomerization catalyst is not particularly limited as
15 long as it has hydroisomerization activity, but preferably used is a
catalyst which contains a porous inorganic oxide containing two or
more elements selected from aluminum, silicon, zirconium, boron,
titanium and magnesium and one or more metal elements selected from
Group VIII elements of the periodic table supported on the porous
20 inorganic oxide.
[0089] As the support of the isomerization catalyst, preferred is
two or more elements selected from aluminum, silicon, zirconium,
boron, titanium and magnesium, and more preferred is an inorganic
oxide (composite oxide of an aluminum oxide and other oxides)
25 containing aluminum and other elements from the viewpoint of being

capable of further improving the hydroisomerization activity.

33



Density at 15C (kg/m3) 916 Kinetic viscosity at 30C (mm2/s) Elemental analysis C (% by mass) 77.3 H
(% by mass) 12.0 Nitrogen content (ppm by mass) 10.6 Sulfur content (% by mass) <1 Acid value (mg
KOH/g) 0.07 Component ratio of fatty acid group in oil and fat (% by mass) Butyric acid group 0

[0090] The porous inorganic oxide preferably comprises at least
two or more elements among aluminum, silicon, zirconium and titanium.
The porous inorganic oxide may be either in an amorphous state or in a
crystaline state, and a zeolite may be used. When a zeolite is used, a
5 zeolite having a crystalline structure such as FAU, BEA, MOR, MHI,
MEL, MWW, TON, AEL and MTT, among the structure codes
specified by the International Zeolite Association is preferably used.
[0091] As the metal supported on the isomerization catalyst,
preferred is one or more metals selected from elements of Group V111 of

10 the periodic table, among which more preferred are one or more metals
selected from Pt, Pd, Ru, Rh, Au, Ir, Ni and Co, and especially preferred
are Pt, Rd, Ruand Ni. In addition, these active metals may be used in
combination of two or more metas, and examples of such a
combination include Pt-Pd, Pt-Ru, Pt-Rh, Pt-Au, and Pt-Ir.

15 [0092] A method for incorporating these active metas into a
catalyst is not particularly limited, and a well-known method which is
applied when producing a usual hydrotreatment catalyst may be
employed. In general, a method of impregnating a solution containing
a st of an active metal into a catalyst support is preferably employed.

20 In addition, an equilibrium adsorption method, a pore-filling method, an
incipient-wetness method and the like are preferably employed. For
example, the pore-filling method is a method in which the pore volume
of a support is measured in advance and then the support isimpregnated
with the same volume of a metal salt solution. In addition, the

25 impregnation method is not particularly limited, and a support may be

impregnated by a suitable method depending on the supported amount
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Caproic acid group 0 Caprylic acid group 0 Capric acid group O Lauric acid group O Myristic acid group
1 Palmitic acid group 44

of the metal and physical properties of the catalyst support. The metal
source such as nitrate and sulfate salts of these metals or complex salt
form of these metals are dissolved in an agueous solution or a suitable
organic solvent and the resulting solution is used as an impregnation
5 solution.
[0093] In addition, in the inlet of the reaction zone for
isomerization, a feedstock oil to be isomerized has a sulfur content of
preferably 1 ppm by mass or less and more preferably 0.5 ppm by mass.
If the sulfur content exceeds 1 ppm by mass, the progress of the
10 hydroisomeriation in the first step may be prevented. In addition to
that, the sulfur content concentration of the reaction gas containing
hydrogen introduced together with the feedstock oil to be isomerized is
required to be sufficiently low, and the concentration is preferably 1
ppm by volume or less and more preferably 0.5 ppm by volume or less.
15 [0094] The reaction conditions in the isomerization step are
preferably a hydrogen pressure of 1 to 10 MPa, a liquid hourly space
velocity (LHSV) of 0.1 to 3.0 h'* and a hydrogen oil ratio (hydrogen/oil
ratio) of 100 to 1500 NL/L; more preferably a hydrogen pressure of 2 to
8 MPa, a liquid hourly space velocity (LHSV) of 0.2 to 25 h' and a
20 hydrogen ail ratio (hydrogen/oil ratio) of 200 to 1200 NL/L; and much
more preferably a hydrogen pressure of 2.5 to 8 MPa, a liquid hourly
space velocity (LHSV) of 0.2 to 2.0 h?* and a hydrogen oil ratio
(hydrogen/ail ratio) of 250 to 1000 NL/L. All of these conditions are
factors having an influence on the reaction activity of the catalyst, for
25 example, if the hydrogen pressure and the hydrogen oil ratio are less

than the above lower limits, the reactivity tends to decrease and the
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Stearic acid group 5 Oleic acid group 39 Linoleic acid group 10 Linolenic acid group 0 [0115] [Table 3]
Example 1 Example 2 Example 3

catalytic activity tends to rapidly decrease. On the other hand, if the
hydrogen pressure and the hydrogen ail ratio exceed the above upper
limits, an excessive investment in equipment such as a compressor tends
to be required. In addition, the lower the liquid hourly space velocity
5 IS, the more advantageous it tends to be for the reaction. However, if
the liquid hourly space velocity is less than the above lower limit, a
reactor having an extremely large interna volume is required and an
excessive investment in equipment tends to be required. On the other
hand, if the liquid hourly space velocity exceeds the above upper limits,
10 the reaction does not tend to sufficiently proceed.
[0095] The reaction temperature in the isomerization step is in the
range of preferably 220 to 390°C, more preferably 240 to 380°C and
especialy preferably 250 to 365°C. If the reaction temperature is
lower than 220°C, a sufficient hydroisomerization reaction does not
15 proceed, and if the reaction temperature is higher than 390°C, excessive
cracking or other side reactions may proceed.
[0096] In the isomerization step, generaly, the hydrogen gas,
which is introduced into the reaction zone together with the feedstock
oil to be isomerized, is introduced from the reaction zone inlet together
20 with the feedstock oil on upstream or downstream of the heating furnace
for increasing temperature to a predetermined reaction temperature.
However, gpart from this, the hydrogen gas may be introduced from
between the catal yst beds or from between a plurality of reactors for the
purpose of controlling the temperature within the reaction zone as well
25 as maintaining the hydrogen pressure over the whole reaction zone

(quench hydrogen).  Alternatively, a part of any of or plurd
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Example 4 Recycledamount (Based on palm oil) Fold by mass 1 1 1 1 Hydrogen pressure MPa 6 3 6 6
LHSV h'1.01.0

combinations of a product oil, an unreacted oil, a reaction intermediate
oil and the like may be introduced from between the reaction zone inlet
and the catalyst bed or from between a plurality of reactors or the like.
Thus, an excessive cracking reaction or arunaway reaction caused by an
5 increase in the reaction temperature can be avoided by controlling the
reaction temperature.
[0097] The product oil after the isomerization may be fractionated
into a plurality of fractions in a fractionator, where necessary. For
example, the product oil may be fractionated into a light distillate such
10 as a gas and a naphtha fraction, a middle distillate such as kerosene, a
jet fraction and agas oil fraction, and a heavy digtillate such as aresidue
fraction. In this case, the cut temperature between the light distillate
and the middle distillate is preferably 100 to 200°C, more preferably
120 to 180°C and much more preferably 140 to 160°C. In addition,
15 the cut temperature between the middle distillate and the heavy distillate
is preferably 300 to 400°C, more preferably 300 to 380°C and much
more preferably 300 to 360°C.  Further, hydrogen may be produced by
modifying a part of the light hydrocarbon fraction to be produced in a
steam reforming apparatus. The hydrogen thus produced has a
20 property which is the so-called carbon neutrality and can reduce the
environmental load because the raw materials used for steam reforming
are hydrocarbons derived from biomass.
[0098] When the isomerization of the hydrocarbon ail is carried
out, the product oil obtained in the isomerization step contains a
25 branched hydrocarbon compound. In this case, the content of the

branched hydrocarbon compound is preferably 5 to 90%, more
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1.0 1.0 Withorwithout quench With With With With Addition amount of sulfur-containing hydrocarbon
compound(With respect to palm oil) PPm by mass 10 10 10 10 [0116] [Table 4]

preferably 10 to 80% and especially preferably 20 to 60% in weight
ratio based on the total amount of the product oil. If the content of the
branched hydrocarbon compound is lower than the above lower limit,
the effect of improving low-temperature fluidity is low, and if the
5 content of the branched hydrocarbon compound is higher than the above
upper limit, the desired yield of the gas oil fraction is decreased.
[0099] The hydrocarbon oil manufactured by the present invention
and itsisomerized oil may be suitably used especially as adiesdl gasail,
an aviation fuel base stock or a heavy oil base stock. The hydrocarbon
10 oil according to the present invention may be used aone as a diesel gas
oil, an aviation fuel base stock or a heavy oil base stock, but can be used
as adiesd gas ail, an aviation fuel base stock or a heavy oil base stock
with which components such as other base stocks are mixed. As the
other base stocks, there may be mixed a gas ail fraction and/or a
15 kerosene fraction obtained in a common petroleum refining step and a
residue fraction obtained by the manufacturing method of the present
invention.  Further, there may be mixed a synthetic gas oil or a
synthetic kerosene, which is obtained through the Fisher-Tropsch
reaction and the like using a so-caled synthetic gas comprising
20 hydrogen and carbon monoxide as a raw material. The synthetic gas
oil or synthetic kerosene is characterized in that it contains almost no
aromatic content, mainly consists of saturated hydrocarbons and has a
high cetane number. In addition, the method for manufacturing the
synthetic gas is not particularly limited and a well-known method may
25 be employed.
[0100] The residue fraction obtained by the manufacturing method
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Example 1 Example 2 Example 3 Example 4 ATI of first reaction tube C 37 35 37 37 AT2ofsecond
reaction tube C 53 52 53 53

of the present invention has a sulfur content of 0.1% by mass or less and
an oxygen content of 1% by mass or less, and may be used as a low-
sulfur heavy base stock. In addition, the residue fraction is preferable
as a feedstock oil for catalytic cracking. In this manner, the residue
5 fraction having a low sulfur content is supplied to a catalytic cracking
apparatus, thereby enabling production of a gasoline base stock or other
fuel oil base stocks having a low sulfur content. Further, the residue
fraction may be used as a feedstock oil for hydrocracking. If such a

residue fraction is supplied to a hydrocracking apparatus, the cracking

10 activity may be improved or the high quality of the properties of each
fraction of the product oil may be attained.
Examples
[0101] Hereinafter, the present invention will be further

specifically described based on Examples and Comparative Examples,
15 but the present invention is not limited to the following Examples.

[0102] (Preparation of Catalyst)

<Catayst A>

A mixture was prepared by adding 18.0 g of sodium silicate solution No.

310 3000 g of an aqueous solution of 5% by mass of sodium aluminate,
20 and the mixture was placed in a vessel kept at a temperature of 65°C.

On the other hand, in a separate vessel kept at a temperature of 65°C, a

solution was prepared by adding 6.0 g of phosphoric acid

(concentration: 85%) to 3000 g of an agueous solution of 2.5% by mass

of aluminum sulfate, and to the resulting solution was added dropwise
25 the solution containing sodium aluminate. The addition of the solution

was stopped when the mixture solution reached pH 7.0. The resulting
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AT3 of third reaction tube C 73 71 73 73 Totaltemperature increaseamount (EATn) C 163 158 163 163
Inlettemperatureof first reaction tube (0O oc 180 180

dlurry product was filtered out to obtain a cake slurry.
The cake durry was transferred in a vessal equipped with a reflux
condenser and to the vessel were added 150 ml of distilled water and 10
g of a 27% ammonia aqueous solution. The mixture was then heated
5 and stirred at 75°C for 20 hours. The slurry was placed in a kneader
and kneaded while heating at 80°C or higher to remove moisture,
thereby obtaining a clay-like kneaded product. The resulting kneaded
product was extruded by an extruder into a cylindrical shape having a
diameter of 1.5 mm. The resulting cylindrical product was dried at
10 110°C for one hour and then calcined at 550°C to obtain a molded
support.
Into an eggplant-type flask were placed 50 g of the resulting
molded support and then injected an impregnation solution containing
17.3 g of molybdenum trioxide, 13.2 g of cobalt (11) nitrate hexahydrate,
15 3.9 g of phosphoric acid (concentration: 85%) and 4.0 g of malic acid
while deaerating with a rotary evaporator. The impregnated sample
was dried at 120°C for 1 hour and then calcined at 550°C to obtain
Catalyst A. The physical properties of Catalyst A prepared are sown
in Table 1.
20 [0103] <Catalyst B>
Into an eggplant-type flask were placed 50 g of a commercialy
available silica-alumina catalyst support (N632HN, produced by Nikki
Chemica Co., Ltd.) and then injected an agueous solution of tetra-
ammine platinum (11) chloride while deaerating with a rotary evaporator.
25 The impregnated sample was dried at 110°C and then calcined at 350°C
to obtain Catalyst B. The supported amount of platinum in Catalyst B
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180 180 Inlettemperatureof second reaction tube 021 C 190 190 190 190 Inlettemperatureof third reaction
tube (t3) C 230 230 230 230 Outlet temperature of first reaction tube (TO C 217

was 0.5% by mass based on the total amount of the catalyst.

[0104]
[Table 1]
Catalyst A |Catalyst B

Al,O3 content (% by mass, based on mass of support) 91.2 100
SiO;, content (% by mass, based on mass of support) 4.8 0
P,Os content (% by mass, based on mass of support) 4.0 0
MoO; content (% by mass, based on mass of catalyst) |24.0 0
NiO content (% by mass, based on mass of catalyst) 2.6 0
P,Os content (% by mass, based on mass of catalyst) 4.0 0.5
Pore volume (ml/g) 0.75 0.47
Average pore diameter (nm) 7.0 5.2
Ratio of pore volume derived from pores with a pore
diameter of 3 nm or less based on the total pore volume| 22 39
(hm)

5 [0105] (Example 1)

Three reaction tubes (having an inner diameter of 20 mm) filled with

Catalyst A (100 ml) were fitted in a fixed-bed flow reactor in a

countercurrent fashion.  Thereafter, the presulfiding of the catalyst was

carried out for 4 hours under the conditions of an average temperature

10 of the catalyst layer of 300°C, a hydrogen pressure of 6 MPa, a liquid

hourly space velocity of 1 h™* and a hydrogen/oil ratio of 200 NL/L

using a straight run gas oil (sulfur content: 3% by mass) with
dimethylsulfide.

After the presulfiding, a part of the middle distillate of

15 fractionated in the fractionator described later was recycled to palm oil

(the ratio of a compound having a triglyceride structure to an oxygen-

containing hydrocarbon compound: 98% by mole) having the properties

shown in Table 2 in an amount of 1-fold by mass based on the pam oil

(feedstock ail), and then the oil to be treated was prepared by adding
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215 217 217 Outlet temperature of second reaction tube (T2.) C 243 242 243 243 Outlet temperature of
third reaction tube (T3 _ Tiast) C 303 301 303 303 Condensation temperature of water below outlet of first
reaction tube oc 189 160

dimethylsulfide so that the sulfur content (in terms of the sulfur atom) is

10 ppm by mass based on the palm oil. Then, hydrorefining was

carried out using the oil to be treated. The oil to be treated had a

density at 15°C of 0.916 g/ml and an oxygen content of 11.4% by mass.

5 In addition, the hydrorefining conditions were set at a first reaction tube
inlet temperature (t;) of 180°C, a hydrogen pressure of 6 MPa, a liquid

hourly space velocity of 0.5 h™ and a hydrogen/oil ratio of 500 NL/L.

In addition, a part of the middle distillate, which was fractionated in the
fractionator so that the inlet temperatures of the second reaction tube

10 and the third reaction tube are t, = 190°C and t3 = 230°C, respectively,
was introduced as quench. The treated oil after the hydrorefining was
introduced into the high-pressure separator to remove hydrogen,
hydrogen sulfide, carbon dioxide and water from the treated oil. The

effluent after the introduction of the high-pressure separator was

15 introduced into the fractionator and fractionated into a light distillate
having a boiling point of less than 150°C, a middle distillate having a

boiling point of 150 to 350°C and a heavy distillate having a boiling

point higher than 350°C. A part of the middle distillate was cooled

with cooling water to 40°C and recycled to the pam oil which is a

20 feedstock oil as described above, and the residue was collected as a gas
oil base stock. The hydrorefining conditions are shown in Table 3, and

the temperature difference (AT,) between each reaction tube outlet and

inlet, the inlet temperature (t,) and outlet temperature (T,) of each

reaction tube and the resulting results are shown in Table 4. In

25 addition, in Table 4 and Table 6, the term "C15 to C18 quantity in the
hydrocarbon oil after the separator” shows the ratio of the hydrocarbon
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189 189 Sulfurconcentration in hydrocarbon oil ppm by mass <1 <1 <1 <1 C15 to C18 quantity in
hydrocarbon oil after separator %L mass by 100 100 100 100 [0117] [Table 5]

compound having 15 to 18 carbon atoms (middle distillate) in the
effluent after the hydrorefining as a relative value assuming that the
value in Example 1is100. If the value becomes smaller, it means that
the yield of the middle distillate is poor and excessive cracking proceeds
5 in the hydrorefining. Further, if the value of AT, is larger, it means
that heat generation islarge in the hydrorefining treatment.
[0106] (Example 2)
The hydrorefining was carried out in the same manner as in Example 1
except that the hydrogen pressurewas set at 3MPa.  The hydrorefining
10 conditions are shown in Table 3 and the resulting results are shown in
Table 4.
[0107] (Example 3)
The hydrorefining was carried out in the same manner as in Example 1
except that a part of the treated oil from which by-products are removed
15 with the high-pressure separator was cooled with cooling water to 40°C
and then recycled in an amount of 1-fold by mass based on the pam ail,
instead of recycling the middle distillate after fractionation. The
hydrorefining conditions are shown in Table 3 and the resulting results
areshown in Table 4.
20 [0108] (Example 4)
The fourth reaction tube (having an inner diameter of 20 mm) filled
with Catalyst B (150 mL) was connected to the subsequent stage of the
fixed bed flow reactor in Example 1. For Catayst B, reducing
treatment was carried out under the conditions of an average
25 temperature of the catalyst layer of 320°C, a hydrogen pressure of 5
MPaand a hydrogen gas flow rate of 83 ml/min for 6 hours.
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Comparative Example 1 Comparative Example 2 Comparative Example 3 Comparative Example 4
Comparative Example 5 Recycledamount (Withrespectto palm oil) Fold by mass 1 1 1 0 7 Hydrogen
pressure MPa 6 6

The step until obtaining a middle distillate was carried out in the
same manner as in Example 1, and the residua fraction recycled was
introduced into the fourth reaction tube (having an inner diameter of 20
mm) filled with Catalyst B (150 mL) and subjected to isomerization.

5 Firstly, for Catalyst B, reduction treatment was carried out under the
conditions of an average temperature of the catalyst layer of 320°C, a
hydrogen pressure of 5 MPa and a hydrogen gas flow rate of 83 ml/min
for 6 hours. Subsequently, isomerization was carried out under the
conditions of an average temperature of the catalyst layer of 330°C, a

10 hydrogen pressure of 3 MPa, aliquid hourly space velocity of 1 h™ and
a hydrogen/ail ratio of 500 NL/L. The oil after the isomerization was
further introduced into the second fractionator and fractioned into alight
distillate having a boiling point less than 150°C, a middle distillate
having a boiling point of 150 to 350°C and a heavy distillate having a

15 boiling point exceeding 350°C. The second middle distillate is used
for a gas oil base stock. The hydrorefining conditions are shown in
Table 3 and the resulting results are shown in Table 4.
[0109] (Comparative Example 1)
The hydrorefining was carried out in the same manner as in Example 1

20 except that the first reaction tube inlet temperature (t;) was set at 200°C
and a part of the treated oil from which by-products were removed with
the high-pressure separator was not quenched between the reactors.
The hydrorefining conditions are shown in Table 5 and the resulting
results are shown in Table 6.

25 [0110] (Comparative Example 2)

The hydrorefining was carried out in the same manner as in Example 1



116 6 LHSV h1 1.0 1.0 1.0 1.0 1.0 Withorwithout quench Without With With With Without Addition
amount of sulfur-containing hydrocarbon compound(With

except that dimethylsulfide was not added to pam oil. The
hydrorefining conditions are shown in Table 5 and the resulting results
are shown in Table 6. Here, when comparing catalyst lives assuming
that the catalyst life of Example 1 is 100, the catayst life of
5 Comparative Example 2 was 80 and shortening of catalyst life was

observed due to no addition of a sulfur-containing hydrocarbon
compound. Theterm "catalyst life" as used here is defined as the time
until the hydrocarbon quantity of C15 to C18 in a hydrocarbon oil is
decreased to 90 assuming that the initial state of Example 1 is 100.

10 [0111] (Comparative Example 3)
The hydrorefining was carried out in the same manner as in Example 1
except that the inlet temperature (t3) of the third reaction tube was set at
210°C by adjusting the amount of quench and the hydrogen pressure
wasset at 11 MPa.  The hydrorefining conditions are shown in Table 5

15 and the results obtained until the experiment was stopped are shown in
Table 6.

The experiment was stopped because the effluent was colored
when 1000 hours elapsed from the start of the reaction. The pipe
(material: SUS 316) at the downstream of the reaction tube was

20 inspected in detail and as aresult, corrosion was confirmed.
[0112] (Comparative Example 4)
The hydrorefining was carried out in the same manner as in Example 1
except that a part of the treated oil from which by-products were
removed with the high-pressure separator was not recycled to pam oil.
25 The hydrorefining conditions are shown in Table 5 and the resulting

results are shown in Table 6.
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respect to palm oil) ppm by mass 10 0 10 10 10 [0118] [Table 6] Comparative Example 1 Comparative
Example 2 Comparative Example 3 Comparative Example 4 Comparative Example 5 ATloffirst reaction
tube C

[0113] (Comparative Example 5)
The hydrorefining was carried out in the same manner as in Example 1
except that the recycling of the middle distillate was set at 7-fold by
mass based on palm oil and a part of the treated oil from which by-
5 products were removed with the high-pressure separator was not
guenched between the reactors. The product oil contained unreacted
raw materials and the hydrodeoxygenation reaction did not sufficiently
proceed. The hydrorefining conditions are shown in Table 5 and the
resulting results are shown in Table 6.
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37 37 39 70 9 AT2ofsecond reaction tube C 53 53 56 104 13 AT3ofthird reaction tube C 73 73 53

[0114]
[Table 2]
Vegetable oil
and fat
(Pamail)
Density at 15°C (kg/n’) 916
Kinetic viscosity at 30°C (mm?%/s) -
Elementa anaysis |C (% by mass) 77.3
H (% by mass) 12.0
Nitrogen content (ppm by mass) 10.6
Sulfur content (% by mass) <1
Acid vaue (mg KOH/Q) 0.07
Butyric acid group 0
Caproic acid group 0
Caprylic acid group 0
Component ratio of Eapr_l cad g group 0
fatty acid group in auric acld group 0
oil and fa (% by Mynsticacidgroup 1
mass) Pal m!tlc qmd group 44
Stearic acid group 5
Oleic acid group 39
Linoleic acid group 10
Linolenic acid group 0
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142 18 Totaltemperature increaseamount (EAT,,) C 163 163 148 316 40 Inlettemperature offirstreaction
tube (t1) C 200 180 180 180

[0115]
[Table 3]
Example | Example | Example |Example
1 2 3 4
Recycled amount | Fold by 1 1 1 1
(Based onpamoil) |mass
Hydrogen pressure |MPa |6 3 6 6
LHSV h' 1.0 1.0 1.0 1.0
With —or  without With  |With  |With  |With
guench
Addition amount of
sulfur-containing mb
hydrocarbon fﬁa&s Y110 10 10 10
compound (With

respect to pam oil)
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180 Inlettemperature of second reaction tube (t2) C 237 190 190 190 189 Inlettemperature ofthirdreaction
tube (t3) C 290 230 210 230 202 Outlet temperature of first reaction tube (TO

[0116]
[Table 4]
Example | Example |Example |Example
1 2 3 4
AT, of first reaction oC 37 35 37 37
tube
AT, of second|
reaction tube = >3 52 >3 >3
AT; of third reaction oC 73 7 73 73
tube
Tota temperature
Increase amount|°C 163 158 163 163
(ZAT,)
Inlet temperature of|,
first reaction tube (t;) = 180 180 180 180
Inlet temperature of
second reaction tube|°C 190 190 190 190
()
Inlet temperature of|,
third reaction tube (ts) = 230 230 230 230
Outlet temperature of |,
first reaction tube (T,) c 217 215 2171 217
Outlet temperature of
second reaction tube|°C 243 242 243 243
(Ty)
Outlet temperature of
third reaction tube (T3|°C 303 301 303 303
= Tias)
Condensation
temperature of water|,
below outlet of first c 189 160 189 189
reaction tube
Sulfur concentration| ppm by <1 <1 <1 <1
in hydrocarbon oil mass
C15 to C18 quantity % b
in  hydrocarbon oil MAsS Y100 100 100 100

after separator
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C 237 217 219 250 189 Outlet temperature of second reaction tube (T2) C 290 243 246 294 202 Outlet
temperature of third reaction tube (T3= That) C 363 303 263 372

[0117]
[Table 5]
Comparative| Comparative| Comparative| Comparative| Comparative
Examplel |Example2 |Example3 |Example4 |Example5
Recycled amount|Fold
(With respect to|by 1 1 1 0 7
pam oil) mass
Hydrogen pressure |[MPa |6 6 11 6 6
LHSV h* |10 1.0 1.0 1.0 1.0
With or - without Without | With With With Without
quench
Addition amount of
sulfur-containing | ppm
hydrocarbon by 10 0 10 10 10
compound  (With|mass

respect to palm ail)
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[0118]
[Table 6]

220 Condensation temperatureof water below outlet offirstreaction tube C 189 189 218 189 112 Sulfur
concentrationin hydrocarbon oil p.p m by mass <1 <1 <1

Comparétive
Example 1

Comparative
Example 2

Comparétive
Example 3

Comparative
Example 4

Comparétive
Example 5

AT, of first

reaction tube

37

37

39

70

9

AT, of second
reaction tube

53

53

56

104

13

AT, of
reaction tube

third

73

73

53

142

18

Totd temperature
increase  amount

(2AT,)

°C

163

163

148

316

40

Inlet temperature
of first reaction
tube (t;)

°C

200

180

180

180

180

Inlet  temperature
of second reaction
tube (t,)

°C

237

190

190

190

189

Inlet temperature
of third reaction
tube (t3)

°C

290

230

210

230

202

Outlet temperature
of firg reaction
tube (Ty)

°C

237

217

219

250

189

Outlet temperature
of second reaction
tube (T>)

°C

290

243

246

294

202

Outlet temperature
of third reaction
tube (T3 = Tiag)

°C

363

303

263

372

220

Condensation
temperature of
water below outlet
of first reaction
tube

189

189

218

189

112

Sulfur
concentration
hydrocarbon oil

in

ppm by
mass

<1

<1

<1

<1

Ci15 to
quantity
hydrocarbon
after separator

Ci18
in
oil

%
mass

100

99

92

24

[0119]
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As shown in the above Table 4, according to Examples 1 to




<1 C15toC18 quantityin hydrocarbonoil after separator %by mass 96 100 99 92 24 [0119]As shown in
the above Table 4, according to Examples 1 to 4, there may be realized a hydrorefining method of a
feedstock oil in which the reaction heat can be suppressed and the condensation of byproduct water can
be prevented by controlling the hydrogen pressure, the recycled amount, the inlet and outlet temperatures
of the reaction 5zones in a suitable range, and the desired middle distillate is obtained in high yield.

4, there may be redlized a hydrorefining method of a feedstock oil in
which the reaction heat can be suppressed and the condensation of by-
product water can be prevented by controlling the hydrogen pressure,
the recycled amount, the inlet and outlet temperatures of the reaction
5 zones in a suitable range, and the desired middle distillate is obtained in
high yield.
[0120] 1 pretreatment apparatus, 2 pomp; 3 heat exchanger; 4
heater; 5 hydrotreatment reactor; 6a, 6b separator; 7 PSA gas separator
apparatus; 8a, 8b, 8c reaction zone; 9a, 9b fractionator; 10 isomerization

10 reactor.
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[0120]1 pretreatment apparatus; 2 pomp; 3 heat exchanger; 4 heater; 5 hydrotreatment reactor; 6a, 6b
separator; 7 PSA gas separator apparatus; 8a, 8b, 8c reaction zone; 9a, 9b fractionator; 10 isomerization
10reactor. CLAIMS 1.A method for manufacturing a hydrocarbon oil, comprising:  a first step wherein a
plurality of reaction zones filled with a catalyst which contains a porous inorganic oxide comprising two or
5 more elements selected from aluminum, silicon, zirconium, boron, titanium and magnesium and one or
more metals selected from Group 6A and Group 8 elements of the periodic table supported on the porous
inorganic oxide is disposed in series and a feedstack @il Bp8taining an oxygen-containing hydrocarbon

compound derived from an animal or 10 vegetable oil is supplied and hydrotreated under the conditions
of a hydrogen pressure of 1 TEBA06} AloPRARHEREILE ficha |l)lﬂ%ﬂ5§‘ PrBRik PRENERion zones; and

a second step wherein hygr. nsﬁ%)d Elqc_ﬁjlél id n |og§g§ d m from a product
to be treated obtained in the grgst sWe% 00 t%liﬁrgﬁ %{/%?og%r on cl)ﬁH %@%ﬂ?ﬁ?@@@ e plurality of
reaction zones, the datefysmeighireontaie raagbmuzgomoriispizseskiae teemritingstwenside is 150C or
more and 250C or less, the inlet temperature of the second most upstream reaction zone or below is

equal to orhigher tHBAMEhee! Q@‘@'&de% HRIPe RN BIMatdl 6AB. 0 GHIEORINIPer BRI of the reaction

zone disposed on t : I 0, , erein the
feedstock oll contaiﬁé@%@gﬁ%ﬁﬁ%hlc @gﬁ%&h%‘%@%@%ﬁ%ﬁjﬁ%‘ﬁﬁg Second step is
recycled and 25supphegrid arcup®ietephbrbs tsf thiolodehndiasaliie bgppyyaehosehtapingugydrocarbon

compound contained in the feedstock oil; and 1 to 50 ppm by mass of a sulfur-containing hydrocarbon

compound in termsiﬁﬂfﬁl@rﬁﬁlmi%ﬁ@%Q%Hbﬁ%@%m@_mmm &Qﬁﬁﬁbﬂmc@htain_ed_ in the
of the pluralty o reSRVGR SSRLLA LG oL e bt AR BB R ity M emperature
is 80C orjgss and thegeiablef Bik difigippitecdeivee ey dhetdtiad tentrerakie condi tisniist tgmperature in
each of the reaction zones is 200C or less.
hydrogen pressure of 1 MPa or more and less than 10 MPa in each of
the reaction zones; and
a second step wherein hydrogen, hydrogen sulfide, carbon dioxide
and water are removed from a product to be treated obtained in the first
15 step to obtain a hydrocarbon ail,
wherein, among the plurality of reaction zones, the inlet
temperature of the reaction zone disposed on the most upstream side is
150°C or more and 250°C or less, the inlet temperature of the second
most upstream reaction zone or below is equal to or higher than the
20 condensation temperature of water, the outlet temperature of the
reaction zone disposed on the most downstream side is 260°C or more
and 360°C or less,
and wherein the feedstock oil contains: a recycled oil in which a
part of the hydrocarbon oil obtained in the second step is recycled and
25 supplied in an amount of 0.5- to 5-fold by mass to the oxygen-

containing hydrocarbon compound contained in the feedstock oil; and 1
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103.The method for manufacturing a hydrocarbon oil according to claim 1 or 2, wherein a part of the
hydrocarbon oil is supplied as quench oil between the adjacent reaction zones among the plurality of the
reaction zones and thereby the inlet temperature of the reaction zone disposed on the downstream side
of the supplying position of the 15quench oil is controlled. 4. The method for manufacturing a
hydrocarbon oil according to any one of claims 1 to 3, wherein the hydrocarbon oil is fractionated into a
light distillate, a middle distillate and a heavy distillate, and the cut temperature between the light distillate

and the middle distitats0spprhalby2na86 ¢f 208G fandtontanuitrigrnpdratahdetoe@pdbadniddle distillate
and the heavy distillate is set at 300 to 400C. 5. The method for manufacturing a hydrocarbon oil

according to any orf€62Idinsti8o SfuFhBIAIMIRisthE aARHASRSONALHEE thY HREIEABon oil or a
middle distillate frac&ﬂj\ﬁﬁﬂw&%@h%gﬁqWﬁ?é?%@&@kiaiilsome”zed' 6. The method for manufacturing a
ording to claim [

hydrocarbon oil acc , wherein an iIsomerized oil obtained in the third step is fractionated

into a light distillate 2an miFlaée ehetiiidef anchaahakactustistiladehilaie o lom peilatteobdiMge eo the light
distillate and the middle distillate is set at 100 to 200C and the cut temperature between the 5middle

distillate arl the he@@Mistiiladiersdi A ®eeh 40bdher PHHEH ¥ fePeHaRLEeRsSngtBeydrocarbon oil
i : : : / ; : tth
according to any o ﬁécéﬂ mw&n%%r%@fgﬁtgﬁ%%%ﬂggébgﬂa ﬂﬁéﬁ%@g%%ﬁ%%}ny 3in a part of the

hydrocarbon oil. 8. The me or manufacturing a on oll accordi 0 one of claims 1

to 7, wherein the regpeled @il dagforiik dywenalingil gondadn diffarente Nsedvetobthimegupeisomerizing the
hydrocarbon oil or a middle distillate fractioned from the hydrocarbon oil. 9. The method for

manufacturing a hytPoWReIsHH 8iPRECHIBIHY € tannskatdeia hach 1ofsthenasH Rezereses-containing
hydrocarbon 15 co%qgglgug ife%we or more compounds selected from a fatty acid and a fatty acid ester.
10. The method for manufactufing a hydrocarbon oil according to any one of claims 1 to 9, wherein the

catalyst hgg a pore 3olunTetes GHRENSHOTBH MpFsenadsy redHyRORArbEANGIHSRUBIAMBED method and
an 20 average pore diameter of 5 to 11 nm, and the ratio of the pore volume derived from pores having a

pore diameter of 3 GO 8% % Yaaieia perst ihehydsoaRPRN estiprRised as quendke method for
manufacturing 2 hyipqaehon.qil AGCURINSHR FRAR LR arhdAd Snl I81FA 15 B g inoroanic
reaction zones and thereby the inlet temperature of the reaction zone
disposed on the downstream side of the supplying position of the
15 guench oil is controlled.
4.  The method for manufacturing a hydrocarbon oil according to any
one of claims 1 to 3, wherein the hydrocarbon ail is fractionated into a
light distillate, a middle distillate and a heavy ditillate, and the cut
temperature between the light distillate and the middle distillate is set at
20 100 to 200°C and the cut temperature between the middle distillate and
the heavy distillate is set at 300 to 400°C.
5. The method for manufacturing a hydrocarbon oil according to any
one of claims 1 to 3, further comprising a third step wherein the
hydrocarbon oil or amiddle digtillate fractionated from the hydrocarbon
25 oil isisomerized.

6. The method for manufacturing a hydrocarbon oil according to
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25element phosphorus.
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clam 5, wherein an isomerized oil obtained in the third step is
fractionated into a light distillate, an middle distillate and a heavy
distillate, the cut temperature between the light distillate and the middle
distillate is set at 100 to 200°C and the cut temperature between the
middle distillate and the heavy distillateis set at 300 to 400°C.

7.  The method for manufacturing a hydrocarbon oil according to any
one of clams 1 to 6, wherein the recycled oil and/or the quench ail
contain a part of the hydrocarbon oil.

8.  The method for manufacturing a hydrocarbon oil according to any
one of clams 1 to 7, wherein the recycled oil and/or the quench oil
contain a part of a product obtained by isomerizing the hydrocarbon ail
or amiddle distillate fractioned from the hydrocarbon ail.

9. Themethod for manufacturing a hydrocarbon oil according to any
one of clams 1 to 8, wherein the oxygen-containing hydrocarbon
compound is one or more compounds selected from a faity acid and a
fatty acid ester.

10. The method for manufacturing a hydrocarbon oil according to any
one of claims 1 to 9, wherein the catalyst has a pore volume of 0.30 to
0.85 ml/g as measured by a nitrogen adsorption BET method and an
average pore diameter of 5 to 11 nm, and the ratio of the pore volume
derived from pores having a pore diameter of 3 nm or less to the total
pore volume is 35% by volume or less.

11. The method for manufacturing a hydrocarbon oil according to any
one of claims 1 to 10, wherein the porous inorganic oxide contains the

element phosphorus.
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