PROCESS FOR PRODUCING AVIATION FUEL BASE OIL Technical Field [0001]The present invention
relates to a process for producing an aviation fuel base oil. Background Art [0002]Attention has been
focused on the effective use of biomass energies in order to prevent global warming. In particular, those
originating from vegetables in particular can make effectively the use of hydrocarbons converted from
carbon dioxide by photosynthesis through the growth process of the vegetables and thus have a nature
so-called carbon neutral, which does not lead to an increase in carbon dioxide in the atmosphere in view
of the life cycle. BionRBRONEITBSHE@R PRI DIegIesrexpeTiaiinFSED Blicdmmiiya energy to petroleum
from the viewpoint of depletion of petroleum resources and inflating oil prices. [0003]The use of biomass
energy has been variously studied also in the field of fuels for transportation. For example, if a fuel
originating from an animal or vegetable oil can be used as diesel fuel, the fuel is expected to take an
effective role in carbon 'diéxid¥ rﬁissi'éh €/efuction because of its synergistic effect with the high energy

efficiency of aactﬁﬁgll ngineTErégrﬁEB(Laengfi%g%ﬁgé @X#é%lﬁ_?gl E)qglge?gng animal or vegetable oils

includes fatty methyl est reviate he FAME Is produced by ester-exchanging

triglyceride, which is a gangralgidialyrahbananmauen wgesable oil, with methanol with the aid of the
action of an alkali catalyst. Various studies have also been carried out so as to use the FAME not only for

diesel fuel but also for Baatkagr faeh de Afet fuel. Aircrafts spent enormous amounts of fuel and have been
affected largely by the recent inflating oil prices. Under these circumstances, much attention has been

paid to biomas$908%s an iMP6RAIRHBASERIAY EPFsI§ed onthe effective

useofbiomassenergiesinordertopreventglobal
warming. In particular, those originating from
vegetablesinparticularcanmakeeffectivelythe
useofhydrocarbonsconvertedfromcarbondioxide
by photosynthesis through the growth process of
the vegetables and thus have a nature so-called
carbonneutral,whichdoesnotleadtoanincrease
incarbondioxideintheatmosphereinviewofthe
life cycle. Biomass fuel has had a high degree
of expectation as an alternative energy to
petroleum from the viewpoint of depletion of
petroleum resources and inflating oil prices.

[0003] Theuseofbiomassenergyhasbeenvariously
studied also in the field of fuels for
transportation. For example, if a fuel
originating from an animal or vegetable oil can
be used as diesel fuel, the fuel is expected to

takeaneffectiveroleincarbondioxideemission
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not only as a measure for preventing global warming but also as fuel alternative to petroleum. Currently,
the use of the FAME in the form of a mixture with a petroleum-based jet fuel has been carried out in some
airline companies although on a trial basis. [0004]However, it is necessary to dispose of glycerin
produced as a by-product during the process of producing the FAME as described in Patent Literature 1
below. Costs and energies are also required to clean the resulting oil. Furthermore, the FAME has
concerns about its low temperature performances and oxidation stability. Since aviation fuels in particular
are exposed to extremedydlowt itemipecatusesafuting)yftigint) ad thighf fdtitudes, they are required to satisfy
highly strict low temperature performance standards. When the FAME is to be used, it is very much a
situation that the FAMENRURtHE SRETERH &S iSstE RinR FHESE |e® AEN&nd the amount of the FAME must

be small. For oxidation stabiIiFt)é{, the pecificaliion of aviatié),n fU(Tl haﬁfs?stablished the addition of
antioxidants. However SRS sRiePGIbA" R YiVENRY the s8Ity Dt Bie oil, the amount thereof

e e B e
methyl ester oils (abbreviated as "FAME”). The
FAMEisproducedbyester-exchangingtriglyceride,
which is a general structure of an animal or
vegetable oil, with methanol with the aid of the
action of an alkali catalyst. Various studies
have also been carried out so as to use the FAME
notonlyfordieselfuelbutalsoforaviationfuel ,
i.e.,jetfuel. Aircraftsspentenormousamounts
of fuel and have been affected largely by the
recent inflating oil prices. Under these
circumstances, much attention has been paid to
biomass fuel as an important item taking a role
not only as a measure for preventing global
warmingbutalsoasfuelalternativetopetroleum.
Currently, the use of the FAME in the form of a
mixture with a petroleum-based jet fuel has been
carriedoutinsomeairlinecompaniesalthoughon
a trial basis.

[0004] However, it is necessary to dispose of
glycerin produced as a by-product during the

process of producing the FAME as described in
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Technical Problem [0006]The present invention intends to solve the foregoing problems and has an
object to provide a process for producing an aviation fuel base oil having excellent combustibility,
oxidation stability and life cycle characteristics. Solution to Problem [0007]The present invention has been
accomplished on the basis of the results of extensive studies carried out the inventors to solve the above
problems. That is, the present invention relates to a process for producing an aviation fuel base oil
comprising hydrotreating in the presence of hydrogen a feedstock comprising an oxygen-containing
hydrocarbon compoune at@mating faoor erl anéiel or egesahledfairend) e sulfur-containing hydrocarbon
compound. [0008]The present invention also relates to the foregoing process, wherein the feedstock
further comprises a pe@bfeahs BASSBill BEbdOCEG B tEfhiTRP et ol

Furthermore,theFAMEhasconcernsaboutits
low temperature performances and oxidation
stability. Since aviation fuels in particular
are exposedtoextremelylowtemperaturesduring
flight at high altitudes, they are required to
satisfyhighlystrictlowtemperatureperformance
standards. WhentheFAMEistobeused,itisvery
muchasituationthattheFAMEmustbeblendedwith
petroleum-based jet fuel and the amount of the
FAME mustbesmall. Foroxidationstability,the
specification of aviation fuel has established
the addition of antioxidants. However, when
consideration is given to the stability of the
baseoil,theamountthereofmustbesmallaswell
as for low temperature performance.
Citation List
Patent Literatures

[0005] Patent Literature 1: Japanese Patent
Application Laid-Open Publication No.
2005-154647
Summary of Invention
Techni cal Problem

[0006] The present invention intends to solve the
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[0009]The present invention also relates to any of the forgoing processes, wherein the total of the
compositions of the fatty acids having a fatty acid hydrocarbon chain of 10 to 14 carbon atoms in the
animal or vegetable fat is 60 percent by mass or more. [0010]The present invention also relates to any of
the foregoing processes, wherein the hydrotreating comprises a step wherein said feedstock is
hydrotreated in the presence of hydrogen using a catalyst a catalyst comprising a porous inorganic oxide
comprising two or more types of elements selected from aluminum, silicon, zirconium, boron, titanium and
magnesium and one oif tmergolyee  1af ihetats metebtesl fnomttjecytauprovidisting of the Groups 6A and 8
elements of the periodic table, supported thereon, under conditions where the hydrogen pressure is from
2 to 13 MPa, the liquid BRIy PéRig isFRAPYIR P .B8IDaRe Bifdrogen/oil ratio is from 150 to
1500 NL/L, and the reaction temperature is fro 15%‘[ 480C. [0011]The present invention also relates to
any of the foregoing pro¥LB8sCHRRIGAHEE H&E‘f&ﬁ’ éﬁ% #4884 step wherein the hydrotreated oil

produced in the said h%qgoagﬁﬂ}@%atqﬁ é)fcygi@ éH%\FH@p@Fi 'gst?ggerized in the presence of hydrogen using
[

a catalyst comprising a porous inorganic oxide comprising two or more types of elements selected from
aluminum, silicon, zircaswym bayan,ttisarpyrg pmagmnesium and zeolite and one or more types of metals
selected from the group consisting of the Group 8 elements of the periodic table, supported thereon,
under condition@heéte the Midrpgesereisse e ifidraoeclBadeamthediged hourly space velocity is
from 0.1 to 3.0 h-1, the hydrogen/oil ratio is from 250 to 1500 NL/L, and the reaction temperature is from
150 to 38000. onthebasis of the results of extensive studies
carried out the inventors to solve the above
problems.
Thatis, the presentinventionrelatestoa
process for producing an aviation fuel base oil
comprising hydrotreating in the presence of
hydrogen a feedstock comprising an
oxygen-containing hydrocarbon compound
originating from an animal or vegetable fat and
a sulfur-containing hydrocarbon compound.
[0008] The present invention also relates to the
foregoingprocess,whereinthefeedstockfurther
comprises a petroleum base oil produced by
refining crude oil
[0009] Thepresentinventionalsorelatestoanyof
the forgoing processes, wherein the total of the
compositions of the fatty acids having a fatty

acid hydrocarbon chain of 10 to 14 carbon atoms

in the animal or vegetable fatis 60 percent by
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[0012]The present invention also relates to a process for producing an aviation fuel base oil wherein the
aviation fuel base oil is produced by blending an aviation fuel base oil produced by any of the foregoing
processes and an aviation fuel base oil produced by refining crude oil. Advantageous Effects of Invention
[0013]The present invention provides a process for producing an environment friendly aviation fuel base
oil having excellent combustibility, oxidation stability and lifecycle characteristics resulting from its carbon
neutral characteristics and can contribute to primary energy diversification. Best Mode for Carrying Out
the Invention [0014]Thenpresent ingeation will be described in detail below. [0015]In the present invention,
there is used a feedstock comprising an oxygen-containing hydrocarbon compound originating from an
animal or vegetdhld @t and AiFteTORtAIAG HoardtEabelrteaiea a0 {0016]Examples of the animal or

vegetable fat include beef tallow, rapeseed oil, soy bean oil, aﬂd palm oil. Any fat may be used as the
animal the foregoirlg processes, wherein the

hydrotreating comprises a step wherein said
feedstock is hydrotreated in the presence of
hydrogen using a catalyst a catalyst comprising
a porous inorganic oxide comprising two or more
typesofelementsselectedfromaluminum,silicon,
zirconium, boron, titanium and magnesium and one
or more types of metals selected from the group
consisting ofthe Groups 6A and 8 elements ofthe
periodic table, supported thereon, under
conditions where the hydrogen pressureis from 2
tol3MPa,theliquidhourlyspacevelocityisfrom
0.1t03.0h 1 thehydrogen/oilratioisfrom150
to1500NL/L,andthereactiontemperatureisfrom
150 to 480°C.

[0011] Thepresentinventionalsorelatestoanyof
the foregoing processes, wherein the
hydrotreating comprises a step wherein the
hydrotreated oil produced in the said
hydrotreating step of claim 4 is further
isomerized in the presence of hydrogen using a
catalyst comprising a porous inorganic oxide

comprisingtwoormoretypesofelementsselected
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or vegetable fat in the present invention. Alternatively, waste oils resulting from the use of these fats may
be used. However, in view of carbon neutral, it is preferable to use vegetable fats. In view of the yield of
kerosene fraction after hydrotreating, it is preferable to use vegetable fats wherein the total of structural
ratio (fatty acid composition) of fatty acid groups each having a fatty acid carbon chain of 10 to 14 is 60
percent by mass or more. Preferable vegetable fats that can be thought from this view point are coconut
oil and palm oil.These fats may be used alone or in combination. [0017]The fatty acid composition is a
value determined in acharaatemitiu Btasdasd T estrvlethiochofodmalysis of Oils and Fats (established by
Japan Oil Chemists' Society) (1993) "2.4.21.3-77 Fatty Acid Composition (FID Programmed Temperature
Gas Chromatograph MétRoHYMusiNg SNSogrEnaN ez eehiberafifle0des ThroRigograph equipped with a
flame ionization detector (FID), from methP/I ester prepared in accordance with Standard Test Method of
e S5a e

Analysis of Oils and FaPRSEHINERRIF BS p&A'e SRIQERERAE 1991) "2.4.20.2-91 Method for
Preparing Fatty Acid M&tﬁ)ﬁléig% &?ogqglgm@ﬁ{gjgﬁ\f‘lgg?‘éqh W@Q%B'I,ea}nd refers to a constitutive ratio

(mass%) of each fatty acid group constituting the fat ]In general, an oxygen-containing hydrocarbon

compound originating fs@pp8} &UMALeE ¥agaliablefalds @ Gempaneriamirg a fatty acid triglyceride
structure but may contain other fatty acids or oxygen-containing hydrocarbon compounds modified to

ester bodies, such as faity amie mpteysestei sHiomevdg fHiMegetdirdifatioreferably contains mainly a
component having a triglyceride structure with the objective of reducing carbon di(_)i(ide emissions
because carbon dioxidB 94 H¥RREERI (RIS WYodUERTh Siraty3 &2 or fatty acid esterd'Bom vegetable

fats. In the present invention, the ratio of the com d havi riglyceride structure in the
oxygen-containing hyd?]alcdgrr%gﬁ%&rﬁﬁgﬁ'ﬁd'%oﬁ eﬁ%%rel)nt ?rieé?égéj\&cﬁ:‘k ?snf)feferably 90 percent by mole or

more, more preferably §2.pRIGeRRY fBRIB O&F ANPE iR¢r8 AreeraRly ffpeercent by mole or more.

[0019]Alternatively, the feedstock may further contain a petroleum-based base oil produced by refining

crude oil. Examjales 2f the petrelguaskasad base of preducerhbysretining crude oil include fractions
produced by atmospheric or vacuum distilling crude oil and fractions produced through reactions such as
hydrodesulfurizatin, hydfesrasrihg! fuiridsEtaNgie Rradkait uhdedavalyecoiéforming. The amount of these
fractions may be arbitrarily set as long as the_sulfur content of the feedstock is within the predetermined

range described belowVEGHREHTY & VI 98 FHRMAHR8HdHRLRAMFEBYced by refining crude oil may be
a compound originatin%fg%iqbea{"ﬂig@‘ Q{%%gl%ra% ggﬁ]ltg%ial?él&rggglé%%g through a Fischer-Tropsch

reaction.
of the foregoing processes and an aviation fuel

base oil produced by refining crude oil.
Advant ageous Effects of Invention

[0013] Thepresentinventionprovidesaprocessfor
producing an environment friendly aviation fuel
base oil having excellent combustibility,
oxidation stability and lifecycle
characteristicsresultingfromitscarbonneutral
characteristics and can contribute to primary
energy diversification.
Best Mode for Carrying Out the Invention

[0014] The present invention will be described in
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No particular limitation is imposed on the content ratio of the petroleum-based base oil produced by
refining crude oil, in the feedstock. However, the ratio is preferably from 20 to 70 percent by volume, more
preferably from 30 to 60 percent by volume. [0020]No particular limitation is imposed on the
sulfur-containing hydrocarbon compound also contained in the feedstock. However, specific examples
include sulfide, disulfide, polysulfide, thiol, thiophene, benzothiophene, dibenzothiophene, and derivatives
thereof. The sulfur-containing hydrocarbon compound contained in the feedstock may be a single
compound or a mixturedeft dilobasi;ere types of these compounds. Alternatively, a petroleum hydrocarbon
fraction containing sulfur may be used as the sulfur-containing hydrocarbon compound. [0021]The sulfur
content of the fé@@dfkk is prefdtabl as®rB0 PyanbY hadte de peefdrably 5 to 30 ppm by mass, more
preferably 10 to 20 ppm by mass in terms of sulfur on the basis of the total mass of the feedstock. If the

sulfur content in terms fc?fes%ﬁ[ﬂ% IESS AT Pt VMR ABHYL B e difficult to maintain stable
deoxidization activity. IB%&GIA%%%%% bso'ﬂr?d(%?ﬁ&i Rgﬁgg)%ﬁyamgﬁn{g? sulfur concentration of the
g hydr e Incr :

light gas exhausted duri ydrorefining process will’b ased. Furthermore, the hydrorefined oil is

likely to be increased iR pWlil CRIBRNTand His wWould adversalyiaffect the exhaust gas purification device
of a diesel engine when it is used therefor. The sulfur content used herein denotes the mass content of

sulfur measured in accbygbooanithnIt® K264 h dDetermination of sulfur content” or the method described

AT S 0 6] ™ “Examploa o ng animal or vegetable fat
include beeftallow, rapeseed oil, soy bean oil,
and palm oil. Any fat may be used as the animal
or vegetable fat in the present invention.
Alternatively, waste oilsresulting from the use
of these fats may be used. However, in view of
carbonneutral,itispreferabletousevegetable
fats. Inview of the yield of kerosene fraction
after hydrotreating, it is preferable to use
vegetable fats wherein the total of structural
ratio (fatty acid composition) of fatty acid
groups each having a fatty acid carbon chain of
10tol4is60percentbymassormore. Preferable
vegetable fatsthatcanbethoughtfromthisview
point are coconut oil and palm oil. These fats
may be used alone or in combination.

[0017] The fatty acid composition is a value

determined in accordance with Standard Test

Method of Analysis of Oils and Fats (established
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contained in the feedstock may be mixed with the oxygen-containing hydrocarbon compound originating
from an animal or vegetable fat beforehand and then introduced into a reactor of a hydrotreating unit or
alternatively may be supplied to a section upstream the reactor when the oxygen-containing hydrocarbon
compound originating from an animal or vegetable is introduced therein. [0023]The aviation fuel base oil
of the present invention may be prepared by hydrotreating the above-described feedstock. Preferably,
hydrotreating contains the following hydrotreating steps. In the present invention, hydrotreating is carried
out preferably under candiiapa witsiteGhe lydregSopiresgiE B98)the range of 2 to 13 MPa, the liquid
hourly space velocity (LHSV) is in the range of 0.1 to 3.0 h-1 and the hydrogen/oil ratio is in the range of
150 to 1500 NL/L, moreZpfefétaBly dndettyoAgitbePWireitherh{ttbgen pressure is in the range of 2 to

13 MPa, the liquid hou(rglyﬁﬁace veloci_}y is in the rangéa of O.Il1 to 3.0 h-1, and the hydrogen/oil ratio is in
the range of 150 to 1500 R VEMMAYFE prEfaRHIG LHEer@h SfIORT\RHRILARE hydrogen pressure is in the

f3to 10.5 MP iquid ity 1S 5t0 1.0 h-1, and th
rydrogen/oil e T b L R R L ome i a ctor ever

hydrogen/oil ratio is in the range o itions is a factor exerting an

influence on the reactig psHvalb fIRxaybippE eV grRMB ez U giReh hydrogen/oil ratio are less
than the lower limits, the reactivity tends to reduce, and the activity tends to reduce rapidly. If the

hydrogen pressure andikydrdgerifoiDatiocewcaed e epier fingitsa taderormous plant investment for a
compressor may be required. Lower liquid hourly space velocity tends to be more advantageous for the

reactions. However, if fReARfSia MRl Epatandaseilas 1M EAR the RIN8ISimit, an enormous plant

investment for constru%t*oB Hga Ee@ggﬁgv@ﬁe%n bel>|<tsrﬁ(ran _Ig Iajge vol%rﬂle may be required. If the liquid

hourly space velocity exceeds fhe upper Ii e’ Péaction teRdSd proceed insufficiently. [0024]The

reaction temperature cayp, Qﬁq%pé't-r@ggﬁ @gjygfg@ §§>-§_s4tpz_@b§ai@1tkypeilrp,tggggp decomposition rate of the

heavy fraction of the feedstock or the intended fraction yield. The average temperature in the whole

reactor is set to generafyermi A§0RatAB . prefecally Fromsr2ao400C, more preferably from 260 to
360C. If the reaction temperature is lower than 150C, the reaction would not proceed sufficiently. If the
reaction temperature eXtdtderagedy ekeassivdedbomposititth dals géeed and the yield of the liquid

product would be reduced. = _ _
constitutive ratio (mass%) of each fatty acid

group constituting the fat.

[0018] In general, an oxygen-containing
hydrocarbon compound originating from an animal
orvegetablefatisacompoundhavingafattyacid
triglyceride structure but may contain other
fatty acids or oxygen-containing hydrocarbon
compoundsmodifiedtoesterbodies, suchasfatty
acid methyl ester. However, the vegetable fat
preferably contains mainly a component having a
triglyceride structure with the objective of
reducing carbondioxide emissionsbecausecarbon
dioxide is generated upon production of fatty

acids or fatty acid esters from vegetable fats.
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[0025]The catalyst for hydrotreating is a catalyst comprising a porous inorganic oxide comprising two or
more types of elements selected from aluminum, silicon, zirconium, boron, titanium and magnesium and
one or more types of metals selected from the group consisting of the Groups 6A and 8 elements of the
periodic table, supported thereon. [0026]The support of the hydrotreating catalyst is a porous inorganic
oxide containing two or more elements selected from aluminum, silicon, zirconium, boron, titanium and
magnesium. The support is generally an alumina-containing porous inorganic oxide. Examples of other
components constituting ttleespppsenndchuensilios, theniatmradniaeboria and magnesia. The support is
preferably a composite oxide containing alumina and at least one or more components selected from the
other constituting compeHBRGY THO SYpPBra iy A eHed e itaiatPRedpHYes in addition to these
components. The total content of the comg{c:g;sgts oth?fr than alumina js preferably from 1 to 20 percent by

mass, more preferably QP8 e OLAt BY! P 67 YGH31 COMBAS Jess than 1 percent by mass, the
resulting catalyst fails to tg]iﬂ @dsl.miﬁ{%n;&@@y&ig@%f%%perpg\bqé)cb@us would be reduced in activity. If
idi

: 0 :
the total content is more ?ﬁ)[an 20 percent by mass, the acidic properties of the support are increased,

possibly leading to a reskigtiontin pGH\GiE GRURRSEBY therlerpratienadfigoke. When phosphorus is contained
as a support constituting component, the content of phosphorus is from 1 to 5 percent by mass, more

preferably from 2 to 3.5 pecearit by mass iortenoreofroricke p[GI2TINDp&aSicular limitation is imposed on
the raw materials that are precursors of silica, titania, zirconia, boria and magnesia that are the support
constituting componenfE&ffR i ARIRIRA. TFREFefore, a solution containing silicon, titanium, zirconium,
boron or magnesium.is generally used. For silicon, silicic acid, sodium silicate, and silica sol may be used.
For titanium, tit %gﬁnl‘?ﬁulfatz %%Hlaﬁwvte@/aéﬁl%r? eé,aasnF %%rﬂ%ﬁ fh'(rérﬂ%(re salts may be used. For

zirconium, zirconium 5‘6'6?4%%‘_%V igus alkpxides sty May be H§ggulg%bgpc_m, b_oric acid may be used.
For magnesium, magnesium nitrate may be used. For phosphorus, phosphoric acid and alkali metal salts
thereof may be used. refining crude oil. Examples of the

petroleum-based base oil produced by refining

crude oil include fractions produced by

atmospheric or vacuum distilling crude oil and

fractions produced through reactions such as

hydrodesulfurizatin, hydrocracking, fluid

catalytic cracking, and catalytic reforming.

The amount of these fractions may be arbitrarily

setaslongasthesulfurcontentofthefeedstock

iswithinthepredeterminedrangedescribedbelow.

Furthermore, the petroleum-based base oil

produced by refining crude oil may be a compound

originatingfromchemicalproductsorasynthetic

oilproducedthroughaFischer—Tropschreaction.

No particular limitation is imposed on the

content ratio of the petroleum-based base oil
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[0028]The raw materials of these support constituting components other than alumina are preferably
added at any stage prior to calcination of the support. For example, the raw materials may be added to an
aluminum aqueous solution which is then formed into an aluminum hydroxide gel containing these
support constituting components, or may be added to a prepared aluminum hydroxide gel. Alternatively,
the raw materials may be added at a step of kneading a mixture of water or an acid aqueous solution and
a commercially available alumina intermediate or boehmite powder. Preferably, these support constituting
components are contaipesidio ceddlymahiunim by coxeds igah thesifeettst padcess of preparation thereof.
Although the mechanism exhibiting advantageous effects attained by addition of these support
constituting component3 OMehatN&lURiHA 1aB itdebabhyel (R Ma?@dt e Klassumed that these
components form a com%Iex oxide stzte together with aluminum. It is thus presumed that this increase the

surface area of the sugiort BRHRAYOLUBMHEMAET RERSE [RHXHEBRR 1R&Ys, thereby giving influences

to the activity of the caw%t qug)?]vmﬁrﬁ%talyst for hydrotreating contains at least one metal, preferably
two or more metals selecteae rom’'the Groups 6A and 8 metals of the periodic table, as an active metal.

Examples of sugjpmetals inpledeseadvim MNirviea ek s asddNinv\tHdpon hydrotreating, these metals

are converted to be in the form of sulfides before being used. [0030]The total supported amount of the
active metals, for exansléf, M amit Maiis g tejenaity flon T2 toBoupetcelistoby mass, more preferably from
15 to 30 percent by mass, in terms of oxide, of the catalyst mass. If the amount is less than 12 percent by

mass, the catalytic activR{ {Po0RALE kRIS Batetike HRWRYSeSorifife sites is reduced. If the amount

is more than the upper Ii)Eni}ht %gnﬁta}lusorgiéltﬁfgés erse flf gtivgB(/,S% 1ss'bly leading to a reduction in
catalytic activity. The t&a?su%porie& amount of Coand Ni is F6re era I'y from 1.5 to 10 percent by mass,

more preferably from Zth(ﬁ’pg{p@Ignﬁ 2" @@én%@{mg%ﬁéipe, of the catalyst mass. If the amount is less
than 1.5 percent by mass, a sufficient co-catalytic effect can not be attained, possibly leading to a

reduction in catalytic actigign 1blitheEyheud s nbteihaat hkegeatcent by Mmass, the metals fail to disperse
effectively, possibly leading to a reduction in catalytic activity.

sulfur-containing hydrocarbon compound

contained in the feedstock may be a single

compoundoramixtureoftwoormoretypesofthese

compounds. Alternatively, a petroleum

hydrocarbon fraction containing sulfur may be

used as the sulfur-containing hydrocarbon

compound.

[0021] The sulfur content of the feedstock is

preferably 1 to 50 ppm by mass, more preferably

5to 30 ppm by mass, more preferably 10to 20 ppm

bymassintermsofsulfuronthebasisofthetota

mass of the feedstock. Ifthe sulfur contentin

termsofsulfurislessthanlppmbymass,ittend S

to be difficultto maintain stable deoxidization

activity. Ifthesulfurcontentisinexcess of
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[0031]No particular limitation is imposed on the method of supporting the active metals on any of the
above-described hydrotreating catalysts. Therefore, any conventional method for producing a usual
desulfurization catalyst may be employed. A method is preferably employed in which a support is
impregnated with a solution containing salts of the active metals. Alternatively, an equilibrium adsorption
method, pore-filling method, or incipient-wetness method is also preferably used. 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 is impregnategpwithidtharsasse otume fofracoretaireakitsolutadrthEhere is no particular restriction
on the method of impregnating the support with a solution. Therefore, any suitable method may be used
depending on the amoligthéOtke exErRIStE B dlimednedr aref FHpscdias®perties of the support. [0032]The
reactor for hydrotreating{f_mg%/ be of a fixed bed mode. That iE, supply of hydrogen to the feedstock may be
carried out in the form 8f Lol RtHFH&ER BF DaraHEt AW AferdBfively, counter flow and parallel flow may be

combined in a plurality fa(?gpécgﬁigﬁh iwgqh@p}gqg feﬂ]ﬁé‘?gggé’&‘ﬁ' generally down flow. Gas-liquid

cocurrent flow may be employed. Furthermore, a single reactor is used alone or a plurality of reactors

may be used in combinafiegr o sifthed factrsWBullue hieree Bagmeaitie@ into a plurality of catalyst beds
may also be employed. In the present invention, the hydrotreated oil resulting from hydrotreatment in the

reactor is fractionated iatd presig@sminetifedotiods vicewdh djas-ttgind separation and rectification. A
gas-liquid separation device or any other by-produced %ds removal device may be installed between the
plurality of reactors or W RIS PisdeadEreRifg JtBf Y I‘HéTrqatFé?ﬁHx?é Qva';er generated in associated
with the reaction and bpg?rodu&ergoqgg t%uch as carb nng%g){%(ga ue%mcggk%%r} éj(ljomde, and hydrogen sulfide.

reinde egmasscaon .
Examples of the by-pro uced gas removal deviceinclu pressure separators and the like.

[0033]Hydrogen gas is;generaiy indused i r Hiskkeastorada itsinist, gecompanying the feedstock,
before or after the feedstock passes

sulfur content” or the method described in

ASTM-5453.

[0022] The sulfur-containing hydrocarbon compound
contained inthe feedstock may be mixed with the
oxygen-containing hydrocarbon compound
originating from an animal or vegetable fat
beforehand and thenintroduced into areactor of
a hydrotreating unit or alternatively may be
supplied to a section upstream the reactor when
the oxygen-containing hydrocarbon compound
originating from an animal or vegetable is
introduced therein.

[0023] The aviation fuel base oil of the present
invention may be prepared by hydrotreating the

above-described feedstock.

Preferably, hydrotreating contains the
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through a heating furnace. Alternatively, hydrogen gas may be introduced from the spaces between the
catalyst beds or between a plurality of reactors for the purposes of controlling the temperature in the
reactors and maintaining the hydrogen pressure over the whole reactors as much as possible. Hydrogen
to be introduced in such a manner is referred to as "quenching hydrogen”. The ratio of the quenching
hydrogen to the hydrogen introduced, accompanying the feedstock is preferably from 10 to 60 percent by
volume, more preferably from 15 to 50 percent by volume. The ratio of less than 10 percent by volume
would cause a tendendy thatthg fepdtion @h teagtiap sied intthe pubseguent stages does not proceed
sufficiently. The ratio in excess of 60 percent by volume would cause a tendency that the reaction near
the inlet of the reactor HYESMHR ProbedPSiFRdiastS [08RARA Wiétprocess of producing the aviation fuel
base oil of the present inventio ecific amount of a recgcled oj{l may be incorporated in the feedstock

to reduce the amount dHEA&( a@h‘z@@&& [nGHB FRBE 406 G RGN IR Rfdrotreating of the feedstock.
The amount of the rec#:}lgg ﬂﬂlriéigﬂ%pelﬁatﬂ (gf;et'ETg?oWﬁ(?gzg beme?(ﬂmégen-containing hydrocarbon
0 ' table fat an ly be

compound originating from an animal or veg t and may be adjusted appropriately within this range

depending on the maxipyiin Preyatien/ Everiatule SV hyidied eatig: reactor. This is because on
assumption that the specific heats of both the recycled oil and the oxygen-containing hydrocarbon

compound are the sam@,ltte tdriperature incredase Upothr trgsrens Imidéd & 1nl is half of that of the case
where only substances originating from animal or vegetable fats are reacted, and thus the reaction

temperature can be suHiGeRA8uwRrde® f e EPOSUNLILthBY RIS BIERI 81138 Within the above range. The

recycled oil in excess of 5 times b&.mass of the owgenn-gontainin comLPound would reduce the
: undﬁr conditions where Wydrogen pressure s .
concentration thereof, resultingin a reduction’in reactivity ana would increase the flow rate in piping,

resulting in an increasqﬂ@”g@gnwmqgw%qwé ﬁbqﬁ@ﬁ)bqlﬁq,gp,gﬁ:less than 0.5 timesg,by mass of the

oxygen-containing compound, arise in temperature can not be suppressed sufficiently. [0035]No
particular limitation is implssdyors the methad ¢ mixng the seedstock and the recykc|esnail. For example,

they are mixed in advance and introduced into a reactor of a hydrotreating unit. Alternatively, the recycled
oil may be introduced the hydrogen/oil ratio is in the range of 150 to
1500NL/L,morepreferablyunderconditionswhere
thehydrogenpressureisintherangeof3t010.5
MPa, the liquid hourly space velocity is in the
range of 0.25to0 1.0 h 1 and the hydrogen/oil
ratio is in the range of 300 to 1000 NL/I.
Each ofthe conditionsis afactor exerting
an influence on the reaction activity. For
example, if the hydrogen pressure and
hydrogen/oilratioarelessthanthelowerlimits,
the reactivity tendstoreduce, and the activity
tends to reduce rapidly. If the hydrogen
pressure and hydrogen/oil ratio exceed the upper

limits, an enormous plant investment for a

compressor may berequired. Lowerliquid hourly

-12-



at a prior stage of the reactor when the feedstock is introduced thereinto. Further alternatively, they may
be introduced into the spaced between a plurality of reactors connected in series or between the catalyst
layers formed by dividing the catalyst layer in a single reactor. Preferably, the recycled oil contains a
portion of a hydrotreated oil produced by hydrotreating the feedstock and then removing by-products such
as water, carbon monoxide, carbon dioxide, and hydrogen sulfide. Furthermore, the recycled oll
preferably contains a portion of a product produced by isomerizing each of a light fraction, a middle
fraction, and a heavy fragtios, \fedottonated doto the hydeotiéatad ag @ éspfortion of a middle fraction
fractionated from a product produced by isomerizing the hydrotreated oil. [0036]The hydrotreating used in
the present invention niB§ it @BAtain ARYE bf isdhfeHAHE O HYbtotreated oil produced through the

above-described hydrotreatin%s ep. [0037] The sulfur content gf the hydrotreated oil that is a feedstock
of isomerization is prefaPdbiy ‘E)L%'Hf/'%%% oF 1880 tHEPEFHHy 85 ppm by mass. A sulfur content

of greater than 1 ppm l% o E%Rpﬁ\‘}?iwﬁ%\fﬁ%th% PRIFESS; %t’tgfygoisomerization. Additionally,

for the same reason, the sulfur content of a reaction gas containing hydrogen to be introduced together

with the hydrotreated ojkigdie¢essaiydovk suficiapthapgne prafaradlndppra by volume or less, more
preferably 0.5 ppm by volume or less. [0038] The isomerization treatment is carried out in the presence of

hydrogen preferably uneeruomditidhshehieae thehlopdiiygepagiressaledgyrom 2 to 13 MPa, the liquid hourly

space velocity is from 0.1 to 3.0 h-1, and the hydrogen/oil ratio is from 250 to 1500 NL/L, more preferably

under conditions wherE#fERPFAHENURBEEIE fiOVR SRS 196 NRSH $hliquid hourly space velocity is

from 0.5to 2.0 h1, and thecréyedéo%en/ il ratig is from 380 to 1200 NL/L, more preferably under conditions
el gty

where the hydrogen prBé(s)ure IS rorHf "B ¥’a, the liquid hourly space velocity is from 0.8 to 1.8 h-1,

and the hydrogﬁ_m@'w]atio is{rom 3969 R0A Mé—ture Cl%q,pgné)g,tgﬁ,%ngjtions is a factor exerting an

influence on the reaction activity. For example, if the hydrogen pressure and
adjusted so as to obtain the intended

decomposition rate of the heavy fraction of the
feedstock or the intended fraction yield. The
average temperature in the whole reactor is set
to generally from 150 to 480°C, preferably from
200to 400°C, more preferably from 260 to 360°C.
Ifthe reactiontemperature is lower than 150°C,
thereactionwould not proceed sufficiently. If
thereactiontemperatureexceeds480°C,excessive
decomposition would proceed and the yield of the
liquid product would be reduced.

[0025] Thecatalystforhydrotreatingisacatalyst
comprising a porous inorganic oxide comprising
two or more types of elements selected from
aluminum,silicon,zirconium,boron,titaniumand

magnesiumandoneormoretypesofmetalsselected
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hydrogen/oil ratio are less than the lower limits, the reactivity tends to reduce, and the activity tends to
reduce rapidly. If the hydrogen pressure and hydrogen/oil ratio exceed the upper limits, an enormous
plant investment for a compressor may be required. Lower liquid hourly space velocity tends to be more
advantageous for the reactions. However, if the liquid hourly space velocity is lower than the lower limit,
an enormous plant investment for construction of a reactor with an extremely large volume may be
required. If the liquid hourly space velocity exceeds the upper limit, the reaction tends to proceed
insufficiently. [0039]Thér ceachengemopecatusestanghef ahatGrdy pdjestechsiosas to obtain the intended
decomposition rate of the heavy fraction of the feedstock or the intended fraction yield. The reaction
temperature is preferalSilefiten iS50 tdBBEE e hedrta alsly FMit240 to 380C, more preferably from 250
to 365C. If the reaction femperature is lower than 150C, the reaction would not proceed sufficiently. If the
reaction temperature eﬁ&%&%@n\%BOC, excessive cracking or other side reactions would proceed, possibly

resulting in a ri&ﬁigﬂ in th%llliggiﬁl 8%“'@%&?8&%%% &g Ié@g%rsisomerization IS a catalyst

comprising a porous ihorganic oxide comprising’a substance selected from aluminum, silicon, zirconium,

boron, titanium, magnesigar.cnsiAeelierab R0k SiEa AYR§S WHneetals selected from the group
consisting of the Group 8 elements of the periodic table, supported thereon. Examples of the porous

inorganic oxide used as lthm soppare f chedchtalysafomisomerizdtion mclude alumina, titania, zirconia,

boria, silica,
zirconium, boron, titanium and magnesium. The
supportisgenerallyanalumina-containingporous
inorganic oxide. Examples of other components
constitutingthesupportincludesilica,titania,
zirconia, boria and magnesia. The support is
preferably a composite oxide containing alumina
andatleastoneormorecomponentsselected from
the other constituting components. The support
may further contain phosphorus in addition to
these components. The total content of the
components otherthanaluminais preferably from
1to 20 percent by mass, more preferably 2 to 15
percentbymass. Ifthetotalcontentislessthan
1 percent by mass, the resulting catalyst fails
toobtainasufficientcatalyticsurfaceareaand
thus would be reduced in activity. Ifthe total
contentismorethan20percentbymass,theacidic

propertiesofthesupportareincreased,possibly

leading to areduction in activity caused by the
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and zeolite. In the present invention, the support is preferably composed of alumina and at least one type
selected from titania, zirconia, boria, silica, and zeolite. No particular limitation is imposed on the method
of producing the support. Therefore, there may be employed any method using raw materials in the form
of sols or salt compounds each containing any of the elements. Alternatively, the support may be
prepared by forming a complex oxide or hydroxide such as silica alumina, silica zirconia, alumina titania,
silica titania, and alumina boria and then adding at any step alumina in the form of alumina gel, a
hydroxide, or a suitabldsoh4inanAlficuka .caHeEnqointaipad o siy/quarceintage to other oxides on the
basis of the porous support. However, the content of alumina is preferably 90 percent by mass or less,
more preferably 60 per@8i BYRASENESE Uhb ECiorBfie el 4 b iR eciEsy mass or less, and preferably
10 percent by mass oré?ore, maore prefera[%% 20 percent b gass or more, of the support mass.

I .

[0041]Zeolite is a crystMPRCTAMMY SifA I‘:ligrﬁﬁl%éc@frﬁl YIRReaiAE Sfructure include faujasite,
pentasil, and mordenit r%?gﬁfbﬁ?p&?ﬁ m%ygt_)g %%Hlt@%%@%%ﬂq Xﬁ'asspecific hydrothermal treatment
rt [

and/or acid treatment ose whose alumina content is adjusted. Pretferred zeolites are those of
faujasite and mordenitg typrriénd particularly preferred zeolites are those of Y and beta types. The
zeolites of Y type are preferably ultra-stabilized. The ultra-stabilized zeolite have a micro porous structure
peculiar theretd,(db2@dlled nilcrg potiesi td 20 trtsomaikemapd sésb arewhye formed pores in the range of 20
to 100 A. The hydrothermal treatment may be carried out under known conditions. [0042]The active metal

of the catalyst for isomERi¥afiH & GHe B M eIV E8RIGERS ffokif the group consisting of the Group 8

elements of the periodicttark]JIIe. zA.P&%ﬁ‘% t ese gréer;tglr%,ath% acltg\/tc}:1 g}%taeltiﬁ referably one or more metals
selected from Pd, Pt, R;h,alr, %\’u, Ehd N and /A8 pre réabﬁy a combination thereof. Preferable

combinations include PQIEEJW'&%r@h'ﬁn’i@'&#nl\'f:)%\gn?é'gmé:’rtfﬁa%t'A% Pt_-NI, Rh-lr, Rh-Au, Rh-NI,
Ir-Au, Ir-NI, Au-NI, Pd-Pt-Rh, Pd-Pt-Ir, and Pt-Pd-Ni. More preferable combinations include Pd-Pt, Pd-NI,

Pt-NI, Pd-Ir, Pt-Rh, Pt-lj iRhitra Pd-Ré&Rito Rel-Bt-0 | andrP deitdirfrgther more preferable examples
include Pd-Pt, Pd-NI, Pt-NI, Pd-Ir, Pt-Ir, Pd-Pt-Ni, and Pd-Pt-Ir. [0043]The content of the active metal(s) is
silicon, titanium, zirconium, boronor magnesium
is generally used. For silicon, silicic acid,
sodiumsilicate,andsilicasolmaybeused. For
titanium, titanium sulfate, titanium
tetrachloride, and various alkoxide salts may be
used. For zirconium, zirconium sulfate and
various alkoxide salts may be used. For boron,
boricacidmaybeused. Formagnesium,magnesium
nitrate may beused. Forphosphorus, phosphoric
acid and alkali metal salts thereof may be used.
[0028] The raw materials of these support
constituting components other than alumina are
preferablyaddedatanystagepriortocalcination

of the support. For example, the raw materials

maybeaddedtoanaluminumaqueoussolutionwhich
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preferably from 0.1 to 2 percent by mass, more preferably from 0.2 to 1.5 percent by mass, more
preferably from 0.5 to 1.3 percent by mass in terms of metal on the basis of the catalyst mass. If the total
content is less than 0.1 percent by mass, the catalytic activity would be reduced because the number of
active sites is reduced. If the total content is more than 2 percent by mass, the metals fail to disperse
effectively, possibly resulting in an insufficient catalytic activity. [0044]No particular limitation is imposed
on the method of supporting the active metals on any of the catalysts for isomerization. Therefore, any
conventional method fas proghudimgreedsiralod asuHlvizatiomcatady sixitky tpelemployed. A method is
preferably employed in which a support is impregnated with a solution containing salts of the active
metals. Alternatively, afSt@ilibmeHNE$SOTPIGP 6oL BUIAFiIfinG RRIBAAS or incipient-wetness method

is also preferably used. For eﬁmg}lﬁ?thi pore-filling method is a methqd in which the pore volume of a
support is measured in?AdUANCR® & i ﬁotﬁe%ﬁﬁgtﬂﬁ SHPHEYHEEY Witk tHE same volume of a metal

salt solution. No particmélgq_lirmr[%tmmﬁ/ig}lpo (ﬁg ng%@[eetn%?som rggnating the support with a solution.
e us t

Therefore, any suitable’method may ed depending on the amount of the metals to be supported and

physical properties of thg gBRA {0042l khedsemryizaint ¢y s agacbin the present invention is
preferably used after the active metal(s) contained therein has been subjected to a reduction treatment

before put in use in theareaationaNogrartcatdulimitationl is inwposeerorathye conditions for the reduction
treatment. However, the active metal(s) are reduced by being subjected to a treatment at a temperature
of 200 to 400C, preferdbi P20 @A28BENGIDES HYBAHFERLIPER M BRIWA K tion temperature is lower than
200C, reduction of the fcrzgygrglgltal(gpl may Snot ZBror?eCeéinsngf[icierptly, and thus the resulting catalyst may
not exhibit hydrodeoxidization or Ky roIs6merzation actiwt'yfJ 1% reduction temperature is higher than

400C, agglomeration of theactive 1951 mracRass and IoHs SR Y thgiresulting catalyst may not

exhibit the activities. [0046] The reactor for isomerization may be of a fixed bed mode. That is, supply of

hydrogen to the feedstgeX thayibg Daeripdoidss hegosmpaabetmtardiewor parallel flow. Alternatively,
counter flow and parallel flow may be combined in a plurality of reactors. The supply mode of the
feedstock is generally ddiirofIgN. B asHigaitadusurrextfibwinthyp be @mpyed sSFurthermore, a single
reactor is used alone or a plurality of reactors may. be used in combination. A single reactor with the

interior segmented into®a FRASIRY B eath ¥ 2LAL 95, LILBERE FHRBYEY.

constituting components other than alumina has
not been elucidated, it is assumed that these
components form a complex oxide state together
with aluminum. It is thus presumed that this
increasethesurfaceareaofthesupportandcause
someinteractionwith the active metals, thereby
givinginfluencestotheactivityofthecatalyst.
[0029] The catalyst for hydrotreating contains at
least one metal, preferably two or more metals
selected from the Groups 6A and 8 metals of the
periodic table, as an active metal. Examples of
such metals include Co-Mo, Ni-Mo, Ni-Co-MO, and

Ni-W. Upon hydrotreating, these metals are
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[0047]Hydrogen gas is generally introduced into a first reactor via its inlet, accompanying the feedstock,
before or after the feedstock passes through a heating furnace. Alternatively, hydrogen gas may be
introduced from the spaces between the catalyst beds or between a plurality of reactors for the purposes
of controlling the temperature in the reactors and maintaining the hydrogen pressure over the whole
reactors. Hydrogen to be introduced in such a manner is referred to as "quenching hydrogen". The ratio of
the quenching hydrogen to the hydrogen introduced, accompanying the feedstock is preferably from 10 to
60 percent by volume, caoreguteferebly dromth® tho b pereentidy vabéter.elhe ratio of less than 10 percent
by volume would cause a tendency that the reaction at reaction sites in the subsequent stages does not
proceed sufficiently. THEI&B0 S @tcess of 60 percent by volume would cause a tendency that the
reaction near the inl%)ﬁ;)f the reactor qoes not eed sufficiently. [0048]If necessary, the isomerized oil

resulting from 0 _ eriz_é%ﬁ WA b%%g&(ﬁ?%ﬁ@dﬂﬂ{_bné BiLf _I?t)fi&“f ctions in arectification tower. For
example, the isomeriz é)ggfggyoqeeg%%?@tw (ija mgqgtg%nggaﬁ}[ Qﬁ gas and naphtha fraction, a

middle fraction such as kerosene and gas oil fractions, and'a heavy such as residues. In this

case, the cut temperatyre thedwern dee lighhirasiom ané phefeiddls fiagiansis preferably from 100 to
200C, more preferably from 120 to 180 o 200C, more preferably from 120 to 160C, more preferably from

130 to 150C. The cut témnperptneehdtne enathe, mdeinfracfiox el tifetheavy fraction is preferably from
250 to 360C, more preferably from 250 to 320C, more preferably from 250 to 300C, more preferably from

250 to 280C. Such a liGRtAYEREEBRATN FFALHENAARUGENS A8 rHA§bé Hartially reformed in a steam

reforming unit thereby roducin% h¥,ﬁjr° en. deroge thu%;\)/r?duced has carbon neutral characteristics
ercent Y aas the a%ﬁeyﬁc Cli f()(lw%u d.be L,
and thus can reduce environment load bécause eedstock uised’in' the steam reforming is a

biomass-originating hygkecaragn, d bs viddleMmagtondreducsshiy diactiqaating the isomerized oil can be

suitably used as an aviation fuel base oil. [0049]The aviation fuel base oil of the present invention may be
used alone as an aviatiem fuss dutl mayebamuxed watiman avission fieeipqse oil produced by refining crude

oil in the form of an aviation fuel composition. Examples of the

limit, the metals fail to disperse effectively,
possibly leading to a reduction in catalytic
activity. The total supported amount of Co and
Niis preferably from 1.5to 10 percent by mass,
more preferably from 2 to 8 percent by mass, in
terms of oxide, of the catalyst mass. If the
amount is less than 1.5 percent by mass, a
sufficient co-catalytic effect can not be
attained, possibly leading to a reduction in
catalytic activity. If the amount is more than
10 percent by mass, the metals fail to disperse
effectively, possibly leading to a reduction in
catalytic activity.

[0031] No particular limitation is imposed on the

method of supporting the active metals on any of
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aviation fuel base oil produced by refining crude oil include aviation fuel fractions produced through a
general petroleum refining process and a synthetic fuel base oil produced through a Fischer-Tropsch
reaction or the like using synthetic gas composed of hydrogen and carbon monoxide. This synthetic fuel
base oil is characterized in that does not contain almost no aromatic but contains a saturated
hydrocarbon as the main component and has a high smoke point. No particular limitation is imposed on
the method of producing the synthetic gas. Any conventional method may be used. Examples [0050]The
present invention will behdesbolved die swoib elbthits vathaafargncatto yisesfollowing examples but is not
limited thereto. [0051](Preparation of Catalyst) <Catalyst A> To 3000 g of a 5 mass% sodium
aluminate aqueous sollii&{ SfasaddBIcCIn U srdvdine Biikchte N6 09 UThedesulting mixture was placed
into a vessel kept at a temper%ﬁérgaﬂ 65C. Separately to this, in another vessel kept at a temperature of

65C, a solution was prépdred MH_ZG%'@ & 85%&88% oy@oqmentration) to 3000 g of a 2.5
mass% aluminum sulfq&\%ae%%%qc? ﬁg%{%ﬁ%eﬁper}ﬂg %?E%ﬂﬂ Wﬁgﬁ%&%gmmse the aqueous solution

containing sodium aluminate pro opwise a s terminated when the pH of the

mixed solution reached/ith Jrieg FRatdlEing ishE s Bradiust vastaassas daneygh a filter thereby producing a
cake-like slurry. The resulting cake-like slurry was transferred to a vessel equipped with a reflux

condenser, and 150 mbdftdiistileti veatwieaals 10Adt of me2 R Igmaronia aqueous solution were added
thereto, followed by heating and stirring at a temperature of 75C for 20 hours. The resulting slurry was

placed in a kneader an@RHERIBHNAIS BERTPReTtBH Dt RATSeFHHRE of 80C or higher to remove

moisture thereby produn%ig%% 8Ia F”|ke kn.eean ed g{r(])gugt.n;rgt re tIJIStingskneaded product was extruded into
a cylinder shape having a diameter SR mm‘%roug an extruder, §'idd at a temperature of 110C for one

hour and then calcinedatadepe atye OF 3y YUx AheFeRY Rredisingsamelded support.

method is a method in which the pore volume of a
support is measured in advance, and then the
supportisimpregnated with the same volume of a
metal salt solution. There is no particular
restriction on the method of impregnating the
supportwithasolution. Therefore,anysuitable
method may be used depending onthe amountofthe
metalstobesupportedandphysicalproperties of
the support.

[0032] The reactor for hydrotreating may be of a
fixed bed mode. That is, supply of hydrogen to
the feedstock may be carried out in the form of
counter flow or parallel flow. Alternatively,
counterflowandparallel flowmaybecombinedin
a plurality of reactors. The supply mode of the

feedstock is generally down flow. Gas-liquid
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Into an eggplant-type flask was placed 50 g of the resulting molded support, and also poured an
impregnation solution containing 17.3 g of molybdenum trioxide, 13.2g of nickel (Il) nitrate hexahydrate,
3.9 g of phosphoric acid (85% concentration), and 4.0 g of malic acid while deaerating with a rotary
evaporator. After dried at a temperature of 120C for one hour, the impregnated sample was calcined at a
temperature of 550C thereby producing Catalyst A. The physical properties of Catalyst A are set forth in
Table 1 below. <Catalyst B> Into an eggplant-type flask was placed 50 g of a commercially available
silica alumina support @3N alwlactaebyd AEG&EY,. aRd ttresr paLnedaan aqueous solution of
tetraammineplatinum (1) chloride while deaerating with a rotary evaporator. The impregnated sample was
dried at a temperature &fMIOC @aelttHeis caf@dedlang endpetaiiabtyf 350C thereby producing Catalyst B.
The amount of platinum su;ported on Catalyst B was 0 SIE)ercent by mass on the basis of the total mass

of the catalyst. The phySiB&f BrSgRRLLE E2EAYG BAMLL R 9 PR 1. [0052)(Example 1) A
reaction tube (inner diarrggg-{rc)pfvgl(mrgmq%&gr&v&i%ﬁ.&&tﬁp@ ,Iahg)og ml) was installed countercurrently in

a fixed bed flow type reactor. Thereatter, Catalyst A was pre-sulfurized for 4 hours using a straight-run

gas oil (3 mass% sulfup ariany) sardainig diserihyhgisuisle ewndpl epaditions where the catalyst layer
average temperature was 300C, the hydrogen partial pressure was 6 MPa, the liquid hourly space

velocity was 1h-1, and lthe ingdrogeeardiliratontias 200eNbyjidrotreafted thé pre-sulfurization, a hydrotreated

oil after being introduced into a high pressure separator described below was partially recycled to be
incorporated in vegetabRSIHE D BLURTG HoeatieLBtea i e pf 8 (@RdSatio of the compound having a
triglyceride structure inf'%réec oxygen- om%ini??cré/tderor%arr]%%ﬁ con ougd: 98 mol%) so that the amount of
the hydrotreated oil is one IMcs By massefative 16 \'/egetaffl’le K1 Dimethyl sulfide was added to the

mixture to prepare a feﬁqgg%agg IR@QiiH%TetBQr%HF&ﬁ SAQtent (indgings, of sulfur) thereof to be 10 ppm by
mass. Thereafter, the feedstock was hydrotreated. The feedstock had a density at 15C of 0.900 g/ml and

an oxygen content of 1A.5 pertignii bysmpasatibe histdeeatimeny wasearried out under conditions where
the temperature at the reaction tube inlet was 280C, the hydrogen pressure was 6.0 MPa, the liquid
hourly space velocity Wit RI0O HUE ethd aiser Bjtvygeriel itionassds1 MglleA hydrotreated oil produced
by hydrotreating the feedstock was introduced into the high pressure separator to remove hydrogen,

hydrogen sulfide, carb& Bt LARPIHRE TR BbIFAFEP ey ErditBated oil after being introduced into
the high pressure sep?;?%of”@s', &88!%%9@&%@9%8!&%9{?1‘}8% EWQ \ﬁgqg g water and then recycled to
ta e e

be mixed with the veg e fat 1 as descr bove. ydrotreated oil remaining after recycling was
introduced into a fixed ged deyydyPm raasios dgemetizationeurit @qyiPRefiwith a reaction tube (inner

diameter: 20 mm) charged with Catalyst B to be isomerized.
by-produced gas such as carbon monoxide, carbon
dioxide, and hydrogen sulfide. Examples of the
by-produced gas removal device include high
pressure separators and the like.

[0033] Hydrogengasisgenerallyintroducedintoa
first reactor via its inlet, accompanying the
feedstock, before or after the feedstock passes
through a heating furnace. Alternatively,
hydrogen gas may be introduced from the spaces

between the catalyst beds or between a plurality

of reactors for the purposes of controlling the
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Before isomerization, Catalyst B was reduced for 6 hours under conditions where the catalyst layer
average temperature was 320C, the hydrogen pressure was 5 MPa, and the hydrogen gas flow rate was
83 ml/min. Thereafter, isomerization was carried out under conditions where the catalyst layer average
temperature was 330C, the hydrogen pressure was 3 MPa, the liquid hourly space velocity was 1 h-1,
and the hydrogen/oil ratio was 500 NL/L. The isomerized oil was directed to a rectification tower and then
fractionally distilled into a light fraction having a boiling range of lower than 140C, a middle fraction of 140
to 280C, and a heavy fraotiparaft bighier than 280€a rshennhicdiénfrationy wias used as an aviation fuel base
oil. The hydrotreating conditions and the properties of the resulting aviation fuel base oil are set forth in
Tables 3 and 4, respediiVeRR Je0SBjesRak Ry 2Y the VHelo trRathfs S8 Ysdmerization were carried out

in the same manner as that of Example exce[th that the fe%?stock contained 50 percent by volume of a
petroleum-based base BT H8§iﬁ'§%od@¥ QLENFORP B PARE 9 5H S HGlrogen pressure for the

hydrotreatment was 3 %%ﬁ'ﬁ%ﬁe&y@?@? mg)%psa)giagﬂ% @?ﬁgﬁﬁf&r@éﬁﬁ petroleum-based base oil to
e ioN pro

be contained in the feedstock was a straight-run kerosene frac uced by fractionally distilling a
fraction produced by treafingigdefoihie g atvRERenaAsgEaties it within a boiling range of 140 to
270C. The hydrotreating conditions and the properties of the resulting aviation fuel base oil are set forth in
Tables 3 and 4, respedtiydiy jeos4i(Excingeld ,3) ¢ c o nthainytireatrh erfeants isarkerization were carried out
in the same manner as that of Example 1 except that vegetable fat 1 contained in the feedstock was
changed to vegetable f&PF SAR LAY QW&ER&H%?%%H@&BH"@%%?H temperature was 360C, the
hydrogen pressure was 10, MP$ agpd th g(%i%eoueglly space \//eol?CirWeW 0.5 h-1. The hydrotreating

conditions and the proﬁéﬁfgg% l e redu ing aviation Tuel Base ol Are set'forth in Tables 3 and 4,

respectively. [0055](ExapR)g e ssthan10percentbyvolumewouldcause

atendencythatthereactionatreactionsitesin
the subsequent stages does not proceed
sufficiently. Theratioin excess of 60 percent
byvolumewouldcauseatendencythatthereaction
near the inlet of the reactor does not proceed
sufficiently.

[0034] Intheprocessofproducingtheaviationfue
base oil of the present invention, a specific
amount of a recycled oil may be incorporated in
the feedstock to reduce the amount of heat
generated in the hydrotreating reactor upon
hydrotreating of the feedstock. The amount of
the recycled oil is from 0.5 to 5 times by mass
of the oxygen-containing hydrocarbon compound
originating from an animal or vegetable fat and

may be adjusted appropriately within this range
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An aviation fuel base oil as set forth in Table 4 was prepared by blending 50 percent by volume of the
aviation fuel base oil produced in Example 1 and 50 percent by volume of an aviation fuel base oil having
properties set forth in Table 2 produced by hydrodesulfurizing a fraction fractionated a fraction produced
by treating crude oil an atmospheric distillation unit, within a boiling point of 140 to 270C. [0056](General
properties of feedstock and aviation fuel base oil and aviation fuel) The general properties of the
feedstock and aviation fuel base oil set forth in Tables 2 and 4 refer to values measured by the following
methods. The dendigpanthig@etiseyi@ L 5a) netgre tattovelem pwasurednn accordance with JIS
K2249 "Crude Oil and Petroleum Products-Determination of density and petroleum measurement tables
based on reference tertipRrAnfegIsENNg reped Kinehdsid Visessiy e 30C or -20C refers to a value
measured in accordance with JIS K2283 "Crude Oi| and Petrole PgPro ucts-Test Methods for Kinetic

Viscosity and Viscosity s eHRNIZEEH MEHTHFCTIC HEAFREPRARNER C (massw) and H (mass%)
refer to values each dertggy'mgg Q}{Iaar;qgtlgﬁg G%é@%%bé’dﬁéﬂwﬁqugl "Standard Test Methods for
L : .

Instrumental Determinatio arbon, Hydrogen and Nitrogen inPetroleum Products and Lubricants".

The oxygen content refgyg te GayBbie BAPYEH Y% AeMAeE fichie UOP649-74 "Total Oxygen in
Organic Materials by Pyrolysis-Gas Chromatographic Technique”. The sulfur content refers to a value

measured in accordante with r3i 81 K2b4dr & €sadepOih dhd Pet®leure Pratdicis-Determination of sulfur
content".
ishalf ofthatofthe case where only substances
originating from animal or vegetable fats are
reacted,andthusthereactiontemperaturecanbe
sufficientlylowerediftheamountoftherecycled
oil is within the above range. The recycled oil
in excess of 5 times by mass of the
oxygen-containing compound would reduce the
concentration thereof, resulting in a reduction
inreactivityandwouldincreasetheflowratein
piping, resulting in an increase in load. When
the content of the recycled oil isless than 0.5
times by mass of the oxygen-containing compound,
a rise in temperature can not be suppressed
sufficiently.
[0035] No particular limitation is imposed on the
method of mixing the feedstock and the recycled
oil. Forexample, they are mixed in advance and

introducedintoareactorofahydrotreatingunit.

Alternatively,therecycledoilmaybeintroduced
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The acid value refers to a value measured in accordance with JIS K2501 "Petroleum Products and
Lubricating Oils Test Method for Neutralization Number". The composition ratio of fatty acid groups in
animal or vegetable fat refers to a value determined in accordance with the above-described Standard
Methods for the Analysis of Fats, Oils and Related Materials (established by Japan Oil Chemists' Society)
(1993) "2.4.21.3-77 Fatty Acid Composition (FID Temperature Programmed Gas Chromatograph
Method)". The flash point refers to a value determined in accordance with JIS K2265 Crude Oil and
Petroleum Products-Detegiminatiora geftesh eoaiatc Tagdloset éfee diathod". The distillation
characteristics refer to values measured in accordance with JIS K2254 "Petroleum
products-Determinatiohson Hisl it Aottt isfiisrther attpenatiitic content refers to a value
measured in accordance with JIS K2536 " Llj%l.lelg etroleum pro%g ts-Testing method of components

I

(Fluorescent Indicator KHEbIBAICHSHEGH 8 IBRPRAGRAIREVERSTE B a value measured in
accordance with JIS 2 ﬁg;gﬁggrgqi@g @%qgtia%;ﬂ%aéégiq r}/gl#ﬁ']és or The freezing point refers to a
S [ t

value measured in accordance with JIS 2276 "Determination of the freezing point of aviation fuels".

The smoke point refergter @ ¥akig Breastied iiyaceosdansepyithd B igthad’ "Petroleum
products-Kerosene and aviation turbine fuels-Determination of smoke point". The thermal stability

refers to a value measued g ickyrdanoeandtin gIs Ke2z®tDetermination of thermal oxidation stability of
gas turbine fuels-JETOT method Method A, Method B". [0057](Life cycle characteristics)
Preferably, the recycled oil contains a
portion of a hydrotreated oil produced by
hydrotreating the feedstock and then removing
by-products such as water, carbon monoxide,
carbon dioxide, and hydrogen sulfide.
Furthermore,therecycledoilpreferablycontains
a portion of a product produced by isomerizing
each of a light fraction, a middle fraction, and
a heavy fraction, fractionated from the
hydrotreatedoiloraportionofamiddlefraction
fractionated from a product produced by
isomerizing the hydrotreated oil.
[0036] The hydrotreating used in the present
invention may further contain a step of
isomerizingthehydrotreatedoilproducedthrough
the above-described hydrotreating step.
[0037] The sulfur content of the hydrotreated oil

thatisafeedstockofisomerizationispreferably

1ppmbymassorless, more preferably 0.5 ppm by
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The life cycle characteristics (life cycle CO2 calculation) described in the present Example were
calculated by the following method. Life cycle CO2 was calculated as the CO2 generated from
oil-well drilling in the fuel production to pumping to an airplane fuel tank. The CO2 generated from
oil-well drilling to pumping to an airplane fuel tank (hereinafter referred to as "Well to Tank 002") was
calculated as the total CO2 emissions during a sequence starting from the drilling of material and crude
oil resources, through transportation, processing, and delivery, to pumping to an airplane's fuel tank. For
calculation of "Well to Taak<02'sthi¢uwratariation ovag eateedout in ppnsidgration of the carbon dioxide
generated during the following (13) to (53) events. Data required for the calculation was the oil refinery
operation performancedaf&spy9sedspe 5 e m\@fﬂﬁr{stbﬁﬁt‘Wé@éﬁt fHvention. [0058](13) Carbon
dioxide emissions acc% anied with the use of fuel for va éls processmg devices and facilities such as

boilers (23) Carbon dioXHd RRRGEHE AESAARNY WS r&48ion in a hydrogen producing
device in a processing IléSé nthoeggr&”ur C(gﬁ eq]qrg?%qlgélgi éons accompanied with

regeneration of a catalyst if the processing is carried out throu V|ce such as a catalytic cracking
device requiring continggusiatalyshiegerryatiend43InGyean ciowdr anissions when a gas ol

composition was produced or shipped at Yokohama, Japan, delivered therefrom to Sendai, Japan, and
pumped into a vehicle thidrethe hydrotreated oil is necessarily low
sufficiently and preferably 1 ppm by volume or
less, more preferably 0.5 ppm by volume or less.
[0038] The isomerization treatment is carried out

in the presence of hydrogen preferably under
conditions where the hydrogen pressure is from 2
tol3MPa,theliquidhourlyspacevelocityisfrom
0.1t03.0h 1 andthehydrogen/oilratiois from
250t01500NL/L,morepreferablyunderconditions
wherethehydrogenpressureisfrom2.5to10MPa,
the liquid hourly space velocity is from 0.5 to
2.0h ', andthe hydrogen/ oil ratio is from 380
to 1200 NL/L, more preferably under conditions
where the hydrogen pressure is from 3 to 8 MPa,
the liquid hourly space velocity is from 0.8 to
1.8 h !, and the hydrogen/oil ratio is from 350
to 1000 NL/L.

Each of the conditionsis afactor exerting
an influence on the reaction activity. For

example, if the hydrogen pressure and
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(53) Carbon dioxide emissions when an animal or vegetable fat and a component originating therefrom
were obtained from Malaysia or regions therearound, and a gas oil composition was produced in
Yokohama, Japan. [0059]As apparent from Table 4, the aviation fuel base oils prepared in accordance
with Examples 1 to 4 using a feedstock originating from an animal or vegetable fat have excellent
properties as aviation fuel base oils and are novel aviation fuel base oils alternative to petroleum-based
fuel, which contribute to the prevention of global warming. [0 06 0] [Table 1] C atalyst A C atalystB C
ontent Al20 3 in ass%, baseshem svippaitoarassy Sdhanthelowerlimits,

the reactivity tendstoreduce, and the activity
tends to reduce rapidly. If the hydrogen
pressure and hydrogen/oilratio exceed the upper
limits, an enormous plant investment for a
compressor may berequired. Lowerliquid hourly
space velocity tends to be more advantageous for
the reactions. However, if the liquid hourly
space velocity is lower than the lower limit, an
enormous plant investment for construction of a
reactor with an extremely large volume may be
required. If the liquid hourly space velocity
exceeds the upper limit, the reaction tends to
proceed insufficiently.

[0039] Thereactiontemperature canbearbitrarily
adjusted so as to obtain the intended
decomposition rate of the heavy fraction of the
feedstock or the intended fraction yield. The
reaction temperature is preferably from 150 to
380°C, more preferably from 240 to 380°C, more
preferably from 250 to 365°C. If the reaction
temperature is lower than 150°C, the reaction
would not proceed sufficiently. Ifthereaction
temperatureexceeds 380°C, excessivecrackingor

other side reactions would proceed, possibly
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100 C ontent SD 2 61 ass%, based on support m ass) 4.8 0 C ontent P20 5 in ass%, based on support m
ass) 4.0 0 C ontent M 00 3 61 ass%, based on catalyst m ass) C ontent ND in ass%, based on catalyst m
ass) Content Pt in ass%, based on catalyst m ass) 24.00 2.6

resulting in a reduction in the liquid product
yield.

[0040] Thecatalystforisomerizationisacatalyst
comprising aporousinorganic oxide comprising a
substance selected from aluminum, silicon,
zirconium, boron, titanium, magnesium, and
zeolite and one or more types of metals selected
fromthegroupconsisting ofthe Group 8 elements
of the periodic table, supported thereon.

Examples ofthe porousinorganic oxide used
asthe supportofthe catalystforisomerization
includealumina,titania,zirconia,boria,silica,
and zeolite. In the present invention, the
supportis preferably composed of alumina and at
least one type selected from titania, zirconia,
boria, silica, and zeolite. No particular
limitationis imposed on the method of producing
the support. Therefore, there may be employed
anymethodusingrawmaterialsintheformofsols
or salt compounds each containing any of the
elements. Alternatively, the support may be
prepared by forming acomplex oxide or hydroxide
such as silicaalumina, silica zirconia, alumina
titania, silica titania, and alumina boria and

then adding at any step alumina in the form of
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0 00.5 Pore V olum e in Vg) 0.75 0.47 Avenge P ore diam eter (nm) 7.0 5.2 Rath of P ore Volum e
derived from Pores having a pore diam eter of 3 nm or hss to TotalP ore V o hm e 6 by volum e)

aluminagel,ahydroxide,orasuitablesolution.
Alumina can be contained in any percentage to
other oxides on the basis of the porous support.
However, the content of aluminais preferably 90
percent by mass or less, more preferably 60
percent by mass or less, more preferably 40
percentbymassorless,andpreferablylOpercent
bymassormore,morepreferably20percentbymass
or more, of the support mass.

[0041] Zeolite is a crystalline alumino silicate.
Examples of the crystalline structure include
faujasite, pentasil, and mordenite. These
zeolites may be those ultra-stabilized by a
specific hydrothermal treatment and/or acid
treatment or those whose alumina content is
adjusted. Preferred zeolites are those of
faujasite and mordenite types, and particularly
preferredzeolitesarethoseofY andbetatypes.
The zeolites of Y type are preferably
ultra-stabilized. The ultra-stabilized zeolite
have a micro porous structure peculiar thereto,
so-called micro poresof20Aorsmallerandalso
newly formed pores in the range of 20 to 100 A.
The hydrothermal treatment may be carried out

under known conditions.
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2239 [0061][Table 2] V agetable Fat | (coconut oil) Vegetable Fat 2 (pah oil) Petroleum - based
Base 0 il Aviation Fuel Base 0 il Density at 15C (kg/m3)

[0042] The active metal of the catalyst for
isomerizationisoneormoremetalsselectedfrom
the group consisting of the Group 8 elements of
the periodic table. Among these metals, the
active metal is preferably one or more metals
selected from Pd, Pt, Rh, Ir, Au, and Niand more
preferably a combination thereof. Preferable
combinationsinclude Pd-Pt, Pd-Ir, Pd-Rh, Pd-Au,
Pd-Ni, Pt-Rh, Pt-Ir, Pt-Au, Pt-Ni, Rh-Ir, Rh-Au,
Rh-Ni, Ir-Au, Ir-Ni, Au-Ni, Pd-Pt-Rh, Pd-Pt-Ir,
and Pt-Pd-Ni. More preferable combinations
includePd-Pt,Pd-Ni,Pt-Ni,Pd-Ir,Pt-Rh, Pt-Ir,
Rh-Ir, Pd-Pt-Rh, Pd-Pt-Ni, and Pd-Pt-Ir.
Further more preferable examples include Pd-Pt,
Pd-Ni, Pt-Ni, Pd-Ir, Pt-Ir, Pd-Pt-Ni, and
Pd-Pt-Ir.

[0043] The content of the active metal(s) is
preferably from 0.1 to 2 percent by mass, more
preferably from 0.2to 1.5 percent by mass, more
preferablyfrom0.5tol.3percentbymassinterms
of metal on the basis of the catalyst mass. If
thetotalcontentislessthan0.lpercentbymass,
the catalytic activity would be reduced because
the number of active sites is reduced. If the

total contentismore than 2 percentby mass, the
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900 916 792 790 Kinem aft viscositycosity at 30C 61 m 2/S) 1.4 1.3 Elem entalAnalysis Cin ass Vo) 77.0

metals fail to disperse effectively, possibly
resultinginaninsufficientcatalyticactivity.

[0044] No particular limitation is imposed on the
method of supporting the active metals on any of
the catalystsforisomerization. Therefore, any
conventional method for producing a usual
desulfurization catalyst may be employed. A
method is preferably employed in which a support
is impregnated with a solution containing salts
of the active metals. Alternatively, an
equilibrium adsorption method, pore-filling
method, or incipient-wetness method is also
preferably used. For example, the pore-filling
method is a method in which the pore volume of a
support is measured in advance, and then the
supportisimpregnated with the same volume of a
metalsaltsolution. Noparticularlimitationis
imposedonthemethodofimpregnatingthesupport
with asolution. Therefore, any suitable method
may be used dependingonthe amountofthe metals
to be supported and physical properties of the
support.

[0045] The isomerization catalyst used in the
present invention is preferably used after the

active metal(s) contained therein has been
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77.385.2 85.0 Hill ass %) 12.0 12.0 13.3 15.0 Oxygen Content 61 ass Vo) 11.5 10.6

subjected to areduction treatment before putin
useinthereaction. Noparticularlimitationis
imposed on the conditions for the reduction
treatment. However, the active metal(s) are
reduced by being subjected to a treatment at a
temperature of 200 to 400°C, preferably 240 to
380°C under hydrogen current. It the reduction
temperatureislowerthan200°C,reductionofthe
activemetal(s)maynotproceedsufficiently,and
thus the resulting catalyst may not exhibit
hydrodeoxidization or hydroisomerization
activity. Ifthereductiontemperatureishigher
than 400°C, agglomeration of the active metal(s)
proceeds and thus similarly the resulting
catalyst may not exhibit the activities.

[0046] The reactor for isomerization may be of a
fixed bed mode. Thatis, supply of hydrogen to
the feedstock may be carried out in the form of
counter flow or parallel flow. Alternatively,
counterflowandparallel flowmaybecombinedin
a plurality of reactors. The supply mode of the
feedstock is generally down flow. Gas-liquid
cocurrent flow may be employed. Furthermore, a
single reactor is used alone or a plurality of

reactors may be used in combination. A single
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<0.1 <0.1 Sulfur C ontent ill ass Vo) <1 <1 1.15 0.05 Acid Value ill gkOH/g) 0.10 0.07 0.00 0.00

reactor with the interior segmented into a
plurality of catalystbeds may also be employed.

[0047] Hydrogengasisgenerallyintroducedintoa
first reactor via its inlet, accompanying the
feedstock, before or after the feedstock passes
through a heating furnace. Alternatively,
hydrogen gas may be introduced from the spaces
between the catalyst beds or between a plurality
of reactors for the purposes of controlling the
temperature in the reactors and maintaining the
hydrogen pressure over the whole reactors.
Hydrogen to be introduced in such a manner is
referred to as "quenching hydrogen". The ratio
of the quenching hydrogen to the hydrogen
introduced, accompanying the feedstock is
preferably from 10 to 60 percent by volume, more
preferably from 15to 50 percent by volume. The
ratiooflessthanlOpercentbyvolumewouldcause
atendencythatthereactionatreactionsitesin
the subsequent stages does not proceed
sufficiently. Theratioin excess of 60 percent
byvolumewouldcauseatendencythatthereaction
near the inlet of the reactor does not proceed
sufficiently.

[0048] If necessary, the isomerized oil resulting
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Butyric acid group C3) 0 0 C aproic acid group (CS) 0 O

from the isomerization may be fractionated into
apluralityoffractionsinarectificationtower.

For example, the isomerized oil may be
fractionatedintoalightfractionsuchasgasand
naphtha fraction, a middle fraction such as
kerosene and gas oil fractions, and a heavy
fractionsuchasresidues. Inthiscase,thecut
temperature between the light fraction and the
middle fractionis preferably from 100 to 200°C,
more preferably from 120 to 180 o 200°C, more
preferablyfrom120to160°C,morepreferablyfrom
130 to 150°C. The cut temperature between the
middle fraction and the heavy fraction is
preferablyfrom250to360°C,morepreferablyfrom
250to 320°C, more preferably from 250 to 300°C,
more preferably from 250 to 280°C. Such alight
hydrocarbon fraction thus generated may be
partially reformed in a steam reforming unit
thereby producing hydrogen. Hydrogen thus
produced has carbon neutral characteristics and
thus can reduce environment load because the
feedstock used in the steam reforming is a
biomass-originating hydrocarbon. The middle
fractionproducedbyfractionatingtheisomerized

oilcanbe suitablyused as anaviation fuel base
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oil.

[0049] The aviation fuel base oil of the present
invention may be used alone as an aviation fuel
but may be mixed with an aviation fuel base oil
produced by refining crude oil in the form of an
aviation fuel composition. Examples of the
aviationfuelbaseoilproducedbyrefiningcrude
oil include aviation fuel fractions produced
through ageneral petroleumrefining process and
a synthetic fuel base oil produced through a
Fischer—Tropsch reaction or the like using
synthetic gas composed of hydrogen and carbon
monoxide. This synthetic fuel base oil is
characterized in thatdoes not contain almostno
aromatic but contains a saturated hydrocarbon as
themaincomponentandhasahighsmokepoint. No
particularlimitationisimposedonthe method of
producing the synthetic gas. Any conventional
method may be used.

Exampl es

[0050] The present invention will be described in
more details with reference to the following
examples but is not limited thereto.

[0051] (Preparation of Catalyst)

<Catalyst A>
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Corn ponent Ratio bass Laurie acid group (C11) 49 0 %) of Fatty A cid Groups in Fat (num ber of carbon
atom s in fatty acid carbon chain ) M yLiptic acid group (C13) Pain itic acid group (C14)

To 3000 g of a 5 mass% sodium aluminate
aqueous solution was added 18.0 g of sodium
silicateNo.3. Theresultingmixturewasplaced
into a vessel kept at a temperature of 65°C.
Separately to this, in another vessel kept at a
temperature of 65°C, a solution was prepared by
adding 6.0 g of phosphoric acid (85%
concentration) to 3000 g ofa 2.5 mass% aluminum
sulfate agueous solution. To the solution was
added dropwise the aqueous solution containing
sodium aluminate produced above. The dropwise
addition was terminated when the pH of the mixed
solution reached 7.0. The resulting slurry
product was passed through a filter thereby
producing a cake-like slurry.

The resulting cake-like slurry was
transferred to a vessel equipped with a reflux
condenser, and 150 ml of distilled water and 10
g of a 27% ammonia aqueous solution were added
thereto, followed by heating and stirring at a
temperature of 75°C for 20 hours. The resulting
slurry was placed in a kneader and kneaded while
being heated to a temperature of 80°C or higher
toremove moisture thereby producing a clay-like

kneaded product. The resulting kneaded product
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was extruded into a cylinder shape having a
diameter of 1.5 mm through an extruder, dried at
a temperature of 110°C for one hour and then
calcined at a temperature of 550°C thereby
producing a molded support.

Into an eggplant-type flask was placed 50 g
of the resulting molded support, and also poured
an impregnation solution containing 17.3 g of
molybdenumtrioxide,13.2gofnickel(ll)nitrate
hexahydrate, 3.9 g of phosphoric acid (85%
concentration), and 4.0 g of malic acid while
deaeratingwitharotaryevaporator. Afterdried
at a temperature of 120°C for one hour, the
impregnated sample was calcined atatemperature
of 550°C thereby producing Catalyst A. The
physical properties of Catalyst A are set forth
in Table 1 below.

<Catalyst B>

Into an eggplant-type flask was placed 50 g
of a commercially available silica alumina
support(N632HNmanufacturedbyJGCC&C),andthen
pouredanaqueoussolutionoftetraammineplatinum
(I1) chloride while deaerating with a rotary
evaporator. Theimpregnated sample was dried at

a temperature of 110°C and then calcined at a
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temperature of 350°C thereby producing Catalyst
B. The amount of platinum supported on Catalyst
Bwas0.5percentbymassonthebasisofthetotal
massofthecatalyst. Thephysicalpropertiesof
Catalyst B were set forth in Table 1.

[0052] (Example 1)

A reaction tube (inner diameter of 20 mm)
charged with Catalyst A (100 ml) was installed
countercurrentlyinafixedbedflowtypereactor.
Thereafter, Catalyst A was pre-sulfurized for 4
hoursusingastraight-rungasoil(3mass%sulfur
content) containing dimethyl disulfide, under
conditions where the catalyst layer average
temperature was 300°C, the hydrogen partial
pressure was 6 MPa, the liquid hourly space
velocitywas 1h 1 'andthe hydrogen/oilratiowas
200 NL/L.

Afterthepre-sulfurization,ahydrotreated
oil after being introduced into a high pressure
separatordescribedbelowwas partiallyrecycled
to be incorporated in vegetable fat 1 having
properties setforthinTable 2 (the ratio of the
compound having a triglyceride structure in the
oxygen-containinghydrocarboncompound:98mol%)

sothattheamountofthe hydrotreated oilisone
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Linolenic acid group (C17) 00 [0062][Table 3] Examph1

times by mass relative to vegetable fat 1.
Dimethyl sulfide was added to the mixture to
prepare a feedstock and to adjust the sulfur
content (interms of sulfur) thereoftobe 10 ppm

by mass. Thereafter, the feedstock was
hydrotreated. The feedstock had a density at
15°C of 0.900 g/ml and an oxygen content of 11.5
percentby mass. The hydrotreatmentwas carried
outunderconditionswherethetemperatureatthe
reaction tube inlet was 280°C, the hydrogen
pressure was 6.0 MPa, the liquid hourly space
velocity was 1.0 h 1 and the hydrogen/oil ratio
was 510 NL/L. A hydrotreated oil produced by
hydrotreating the feedstock was introduced into
the high pressure separator to remove hydrogen,
hydrogen sulfide, carbon dioxide, and water. A
portion of the hydrotreated oil after being
introduced into the high pressure separator was
cooledtoatemperatureof40°Cwithcoolingwater
and thenrecycled to be mixed with the vegetable
fat 1 as described above. The hydrotreated oil
remaining after recycling was introduced into a
fixed bed flow type reactor (isomerization unit)
equippedwithareactiontube (innerdiameter: 20

mm) charged with Catalyst B to be isomerized.
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Reactbn Tube Inlet ) 280 280 360 Hydrogen PressureM Pa

Beforeisomerization, Catalyst Bwasreduced for
6 hoursunderconditionswherethecatalystlayer
average temperature was 320°C, the hydrogen
pressurewas5MPa,andthehydrogengasflowrate
was 83 ml/min. Thereafter, isomerization was
carried out under conditions where the catalyst
layeraveragetemperaturewas330°C,thehydrogen
pressure was 3 MPa, the liquid hourly space
velocitywas1lh 1 ‘andthehydrogen/oilratiowas
500 NL/L. The isomerized oil was directed to a
rectification tower and then fractionally
distilled into alight fraction having a boiling
range of lower than 140°C, a middle fraction of
140t0280°C, andaheavy fractionof higherthan
280°C. The middle fraction was used as an
aviation fuel base oil. The hydrotreating
conditions and the properties of the resulting
aviation fuel base oil are set forth in Tables 3
and 4, respectively.

[0053] (Example 2)

Hydrotreatment and isomerization were
carriedoutinthe same manner asthatof Example
1 exceptthatthe feedstock contained 50 percent
by volume of a petroleum-based base oil having

properties setforthin Table 2 and the hydrogen
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pressureforthehydrotreatmentwas3MPa,thereby
producing an aviation fuel base oil. The
petroleum-based base oil to be contained in the
feedstock was a straight-run kerosene fraction
produced by fractionally distilling a fraction
produced by treating crude oil in an atmospheric
distillation unit within a boiling range of 140
to 270°C. The hydrotreating conditions and the
propertiesoftheresultingaviationfuelbaseoil
are set forth in Tables 3 and 4, respectively.
[0054] (Example 3)

Hydrotreatment and isomerization were
carriedoutinthe same mannerasthatof Example
1 except that vegetable fat 1 contained in the
feedstockwaschangedtovegetablefat2,andfor
the hydrotreating, the reaction tube inlet
temperature was 360°C, the hydrogen pressure was
10 MPa, and the liquid hourly space velocity was
0.5 h "'. The hydrotreating conditions and the
propertiesoftheresultingaviationfuelbaseoil
are set forth in Tables 3 and 4, respectively.

[0055] (Example 4)

An aviation fuel base oil as set forth in

Table 4 was prepared by blending 50 percent by

volume of the aviation fuel base oil produced in
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C ontaining H ydrocatbon Corn pound (to Feedstock) ppm by m ass 10 10 10 [0063] [Table 4] Exam p b
l1Exampb2Exampb3

Example 1and 50 percentbyvolume ofanaviation
fuelbaseoilhavingpropertiessetforthinTable
2 produced by hydrodesulfurizing a fraction
fractionated a fraction produced by treating
crude oil an atmospheric distillation unit,
within a boiling point of 140 to 270°C.

[0056] (General properties of feedstock and
aviation fuel base oil and aviation fuel)

The general properties ofthe feedstock and
aviation fuel base oil set forth in Tables 2 and
4 refer to values measured by the following
methods.

Thedensityatl5°C(density@15°C)refersto
a value measured in accordance with JIS K2249
"Crude Oil and Petroleum Products—Determination
ofdensityandpetroleummeasurementtablesbased
on reference temperature(15 °C)".

The kinematic viscosity at 30 °Cor-20 °C
referstoavalue measuredinaccordancewith JIS
K2283 "Crude Oil and Petroleum Products-Test
MethodsforKineticViscosityandViscositylndex
Calculation Method".

Elemental analysis C (mass%) and H (mass%)
refer to values each determined by a method

definedby ASTM D 5291 "Standard TestMethods for
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Characteristics

Instrumental Determination of Carbon, Hydrogen
and Nitrogen in Petroleum Products and
Lubricants".

Theoxygencontentreferstoavaluemeasured
by a method such as UOP649-74 "Total Oxygen in
Organic Materials by Pyrolysis-Gas
Chromatographic Technique".

Thesulfurcontentreferstoavaluemeasured
in accordance with JIS K2541 " Crude Oil and
Petroleum Products—Determination of sulfur
content".

Theacidvaluereferstoavaluemeasuredin
accordancewithJISK2501"PetroleumProductsand
Lubricating Oils Test Method for Neutralization
Number".

The composition ratio of fatty acid groups
in animal or vegetable fat refers to a value
determinedinaccordancewiththeabove-described
Standard Methods for the Analysis of Fats, Oils
and Related Materials (established by Japan Oil
Chemists’Society)(1993)"2.4.21.3-77FattyAcid
Composition (FID Temperature Programmed Gas
Chromatograph Method)".

Theflashpointreferstoavaluedetermined

in accordance with JIS K2265 Crude Oil and

-40-



T10t 150t 190t EPt 202.0 225.0 238.0 258.0 185.0 210.5 236.5 259.0 149.5 168.0 254.0 273.5 180.0
210.0 235.5 260.0 Sulin Cntentm ass ppm <1 5<1

Petroleum Products—Determination of flash
point-Tag Closed Cup Method".

The distillation characteristics refer to
values measured in accordance with JIS K2254
"Petroleum products-Determination of
distillation characteristics".

The aromatic content refers to a value
measured in accordance with JIS K2536 "Liquid
petroleum products—Testing method of components
(Fluorescent Indicator Adsorption Method)".

The total acid value refers to a value
measured in accordance with JIS 2276
"Determination of the Total Acid Value".

Thefreezingpointreferstoavaluemeasured
inaccordancewithJIS2276“Determinationofthe
freezing point of aviation fuels”.

The smoke point refers to a value measured
in accordance with JIS K2537 "Petroleum
products-Kerosene and aviation turbine
fuels—Determination of smoke point".

The thermal stability refers to a value
measured in accordance with JIS K2276
"Determination ofthermaloxidation stability of
gas turbine fuels-JETOT method Method A, Method

B".
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19 Hrom a tic Contentvol% 0 9 0 8 Total Acid Va hem gK01-1/g 0.00 0.01 0.00 0.01 Freez fag Po htt

[0057] (Life cycle characteristics)

The life cycle characteristics (life cycle
CQ calculation)describedinthepresentExample
were calculated by the following method.

Life cycle CO > was calculated as the CO 2
generated from oil-well drilling in the fuel
production to pumping to an airplane fuel tank.

The CO, generated from oil-well drilling to
pumping to an airplane fuel tank (hereinafter
referredtoas “Wellto Tank CO »")was calculated
as the total CO 2 emissions during a sequence
starting from the drilling of material and crude
oil resources, through transportation,
processing, and delivery, to pumping to an
airplane’s fuel tank. For calculation of “Well
to Tank CO ", the calculation was carried outin
consideration of the carbon dioxide generated
during the following (1B) to (5B) events. Data
requiredforthecalculationwastheoilrefinery
operation performance date possessed by the
inventors of the present invention.

[0058] (1B) Carbon dioxide emissions accompanied
with the use of fuel for various processing
devices and facilities such as boilers

(2B) Carbon dioxide emissions accompanied
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-47 -45 -40 -45 Smoke Pontmm >50 40 35 42 Them al Oxida don Stability Filter Pressure D ifferenckPa
Tube Ra th.g

with reforming reaction in a hydrogen producing
device in a processing using hydrogen

(3B) Carbon dioxide emissions accompanied
withregenerationofacatalystiftheprocessing
iscarriedoutthroughadevicesuchasacatalytic
cracking device requiring continuous catalyst
regeneration

(4B) Carbon dioxide emissions when a gas
oil composition was produced or shipped at
Yokohama, Japan, delivered therefrom to Sendai,
Japan, and pumped into a vehicle there

(5B) Carbon dioxide emissions when an
animal or vegetable fat and a component
originatingtherefromwereobtainedfromMalaysia
orregionstherearound,andagasoilcomposition
was produced in Yokohama, Japan.

[0059] As apparentfrom Table 4, the aviation fuel
base oils prepared inaccordance with Examples 1
to4usingafeedstockoriginatingfromananimal
or vegetable fat have excellent properties as
aviation fuel base oils and are novel aviation
fuel base oils alternative to petroleum-based
fuel,whichcontributetothepreventionofglobal

warming.
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0<10<10<10<1 Life Cye le Characteristics W to W-002 em issians)g-002/MJ) 40.4 53.8

[0060]

[Table 1]

CatalystA | CatalystB

Content ALO, (@ ass%, based on supportm ass) 91.2 100
Content S1 , @ ass%, based on support m ass) 48 0
Content P,0 5 @mass%, based on support m ass) 4.0 0
Content M o0 5 @ assk, based on catalyst m ass) 24.0 0
Content ND (@ ass%, based on catalyst m ass) 2.6 0
Content Pt (mass%, based on catalystm ass) 0 0.5
Pore Volme @ Vg) 0.75 0.47
Average Pore diam eter Gun ) 7.0 5.2
Ratb of Pore Volim e derived from Pores havihg a
pore dim eter of 3 nm or kss to TotalPore 22 39
Volme € by volim e)
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50.0 54.3 Industrial Applicability [0064]The present invention provides an environment friendly aviation
fuel base oil having excellent combustibility, oxidation stability and lifecycle properties resulting from its
neutral carbon properties and can contribute to primary energy diversification. Claims A process for
producing an aviation fuel base oil comprising hydrotreating in the presence of hydrogen a feedstock
comprising an oxygen-containing hydrocarbon compound originating from an animal or vegetable fat and
a sulfur-containing hydrocarbon compound. The process according to claim 1, wherein said
feedstock furth¢ooémprises a petroleum base oil produced by refining crude oil. The process
according to claim 1 or 2, wherein the total of the compositions of the fatty acids having a fatty acid
hydrocarbon chain of 10a6!€42darbon atoms in said animal or vegetable fat is 60 percent by mass or

more Vagetabk Fat 1|Vegetabk Fat 2|Petroleum — Aviaton Fuel
(coconut oil (pah oil) based Base 0 il |Base 0 il
Density at 15C kg/m"°) 900 916 792 790
K hem atic viscosity at 30°C @m 2/s) - - 14 1.3
Elem ental Analysis C mass%) 77.0 77.3 85.2 85.0
H @ass %) 12.0 12.0 13.3 15.0
0 xygen Content (nass %) 115 10.6 0.1 0.1
Sulfur Content (m ass %) <1 <1 1.15 0.05
Acid Valie mgKOH/g) 0.10 0.07 0.00 0.00
Butyri acid group C3) 0 0 - -
Caproi acid group C5H) 0 0 - -
Caprylc acid group C7) 4 0 - -
Capric acid group C9) 4 0 - -
Com ponent Ra.tb ass Lauri acid group C11) 49 0 _ _
%) of Fatty Acid G roups
n Fat (numberof [M yristc acid group C13) 17 1 - -

carbon atom s n fatty - K
aci carbon chai ) Pah it acid group (C 14) 44 - -

9
Stearic acid group C16) 3 5 - -
0ki acid group C17) 7 39 - -
2
0

Linokic acid group C17) 10 - -
Linokni acid group C17) 0 - -

[0062]
[Table 3]
Examplk 1| Examplk 2| Example 3
Recyckd Amount tin es by m ass 1 1 1
Reactobn Tem perature o
(Tem perature at Reaction Tube hlkt) C 280 280 360
Hydrogen Pressure MPa 6 3 10
ILHSV h! 1.0 1.0 0.5
W ith or W ithout Quenchig Yes Yes Yes
Amount of Additbn of Sulfur — b 10 10 10
Contaihhg Hydrocarbon Compound (o Feedstock ) PP PY Mass
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The process according to any one of claims 1 to 3, wherein said hydrotreating comprises a step wherein
said feedstock is hydrotreated in the presence of hydrogen using a catalyst a catalyst comprising a
porous inorganic oxide comprising two or more types of elements selected from aluminum, silicon,
zirconium, boron, titanium and magnesium and one or more types of metals selected from the group
consisting of the Groups 6A and 8 elements of the periodic table, supported thereon, under conditions
where the hydrogen pressure is from 2 to 13 MPa, the liquid hourly space velocity is from 0.1 to 3.0 h-1,
the hydrogen/ojlo@gajs from 150 to 1500 NL/L, and the reaction temperature is from 150 to 480C.
The process according to any one of claims 1 to 4, wherein said hydrotreating comprises a step wherein
the hydrotreated oil prbti@e&l # the said hydrotreating step of claim 4 is further isomerized in the

presence pfhydrogen using a catalySt COmprising Borousreu[l rg@nlc 0%09 clgrglgnglgg Wy or Tar types
of elemen1u...al%0ron, ettt agRe st urlrd—z-ea»glﬁe—aF7 d one
or more typesgfmé sele om-thefdrBup | the hEHodid table,
supported tlﬁéﬁéoﬁodﬁder condltlons whereGhe hydroge#Ppressure i§%rom P to 18 MPal the fifluid ourly
space velgtity ighfrioum Obk to- 8. 0shick, the hydrogenjoil ratio is from 250 to 1500 NL/L, and the reactipn
temperatufeiis from 150 to 380C. A process fpr producing an eiation|fuel base oil whexein the
aviation fuelspase oil is produced by blendigg an ayiatigss fpel Qase.qi producedshy the|proegss acgording
to any one %foclaims 1to5andan aviationogjel bage ogat%r&duced 9¥6r§finir g c%gg oil. 995 5
EP C 258.0 259.0 273.5 260.0
Sulfur Cntent m ass ppm <1 5 <1 19
Hromatic Content vol% 0 9 0 8
Total Acd Value mgKOH/g 0.00 0.01 0.00 0.01
Freezhg Pont C —47 -45 -40 -45
Smoke Pont mm >50 40 35 42
Them al Oxidaton S tability
Filter Pressure D ifferenc kPa 0 0 0 0
Tube Rathg <1 <1 <1 <1
Life C yck Characteristics
W to W-CO, em issbns) gC0,/MJ) 40.4 53.8 50.0 54.3
| ndustrial Applicability
[0064] The present invention provides an
environment friendly aviation fuel base oil having
excellent combustibility, oxidation stability and
lifecyclepropertiesresultingfromitsneutralcar bon

properties and can contribute to primary energy

diversification.
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[Claim 1]

[Claim 2]

[Claim 3]

[Claim 4]

Claims

A process for producing an aviation
fuel base oil comprising hydrotreating in
the presence of hydrogen a feedstock
comprising an oxygen-containing
hydrocarbon compound originating from an
animal or vegetable fat and a
sulfur-containing hydrocarbon compound.

The process according to claim 1,
wherein said feedstock further comprises a
petroleum base oil produced by refining
crude oil.

The process accordingtoclaim1or 2,
whereinthetotalofthecompositionsofthe
fatty acids having a fatty acid hydrocarbon
chainoflOtol4carbonatomsinsaidanimal
or vegetable fat is 60 percent by mass or
more.

The process according to any one of
claims 1 to 3, wherein said hydrotreating
comprises a step wherein said feedstock is
hydrotreated in the presence of hydrogen
using a catalyst a catalyst comprising a

porous inorganic oxide comprising two or
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[Claim 5]

more types of elements selected from
aluminum, silicon, zirconium, boron,
titaniumandmagnesiumandoneormoretypes
ofmetalsselectedfromthegroupconsisting

of the Groups 6A and 8 elements of the
periodic table, supported thereon, under
conditions where the hydrogen pressure is
from 2 to 13 MPa, the liquid hourly space
velocity is from 0.1 to 3.0 h 1 the
hydrogen/oilratioisfrom150to 1500 NL/L,
andthereactiontemperatureisfrom 150 to
480°C.

The process according to any one of
claims 1 to 4, wherein said hydrotreating
comprises a step wherein the hydrotreated
oil producedinthe said hydrotreating step
of claim 4 is further isomerized in the
presence of hydrogen using a catalyst
comprising a porous inorganic oxide
comprising two or more types of elements
selectedfromaluminum,silicon,zirconium,
boron, titanium, magnesium and zeolite and
oneormoretypesofmetalsselectedfromthe
group consisting of the Group 8 elements of

theperiodictable,supportedthereon,under
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[Claim 6]

conditions where the hydrogen pressure is
from 2 to 13 MPa, the liquid hourly space
velocity is from 0.1 to 3.0 h 1 the
hydrogen/oilratioisfrom250to 1500 NL/L,
andthereactiontemperatureisfrom 150 to
380°cC.

A process for producing an aviation
fuelbaseoilwhereintheaviationfuelbase
oilisproducedbyblendinganaviationfuel
base oil produced by the process according
to any one of claims 1 to 5 and an aviation

fuelbaseoilproducedbyrefiningcrudeoil.
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