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 ST &S isste in bHESE | @ MgN&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

-3-



[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 acharalaatemniitiu Stasdasrd T estrivietiochofodmalysis 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 é(%ID[ﬁfrom methP/I estﬁlg gﬂr’%oﬁred in accordance with Standard Test Method of
Analysis of Oils and FatPESEHIMERRF BS 5438 SHIQEREEAE 1891) "2.4.20.2-91 Method for

Preparing Fatty Acid M&tﬁ)ﬁléig% &?ogqglgm@ﬁ{gjgﬁ\f‘l&gyé% mgw?%g'l,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 inventjon, the ratio of the com havi triglycerjde structure in the
oxygen-containing hydpalc%rr%gﬁ%/é)ﬂﬁgu'rﬁ)d'(s:cﬁl éﬂ?ggé]r? ?h%gfggﬁgg{ ?snﬁlreferably 90 percent by mole or

more, more preferably §2.pRIGeRRY fARIB OF ANPE iT¢r8 MAreeraRly ffpeercent by mole or more.
[0019]Alternatively, the feedstock may further

[0012] The present invention also relates to a
process for producing an aviation fuel base oil
whereinthe aviationfuelbase oilisproduced by
blendinganaviationfuelbaseoilproducedbyany
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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contain a petroleum-based base oil produced by 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 set as long as
the sulfur content of the feedstock is within the predetermined range described below. Furthermore, the
petroleum-based base oil produced by refining crude oil may be a compound originating from chemical
products or a syntheticd®tpibdeted through a Fischer-Tropsch reaction. No particular limitation is
imposed on the content ratio of the petroleum-based base oil produced by refining crude oil, in the
feedstock. HowekSthe ratid isheleas) Frohd QUL MOt pereeit by 96lime, more preferably from 30 to
60 percent by volume.rfgg O]}No lfparticular limitation is imposed on. the sulfur-containing hydrocarbon

compound also contai & TebQMBLI BBV & LBELHTOYAMIE include sulfide, disulfide,
polysulfide, thiol, thioplpL| ’ol%%%%tﬁiQB guq@%r?@tﬁ%\qp}piqgo I%ngndgnwtg{es. thereof. The
ete

sulfur-containing hydrocarbon compound contained i dstock may be a single compound or a

mixture of two or more gypasqftiiere eanpriadsufiliereatitainia getroleum hydrocarbon fraction
containing sulfur may be used as the sulfur-containing hydrocarbon compound. [0021]The sulfur content

of the feedstock is prefeyablgdatd 60 ppm pg umaks, more preferably 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@8/8d of sufdfAB RIEStRATNEBM HRhiiis¥ S8 BIRd & BE difficult to maintain stable

deoxidization activity. If th? S Ifgr c?ntc?pt is in excess of .50 ppm tg/ mass, the sulfur concentration of the
Hiig Rty Sl o]

light gas exhausted during ll%y(cairore(JTln|ngoﬁl\r/cbéi”algs',s wiFSe’iner ermore, the hydrorefined olil is

likely to be increased in, sylfys GATYANT ARG RYSHQUIR adveisely pHect theyexhaust 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 accordeage taltihel Fatki 2542 'reteeminatiamoifosulfur content” or the method described

in ASTM-5453.

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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[0022]The sulfur-containing hydrocarbon compound 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 lyeJarpa@nOiiivehiton|dtgdrdtreadirty) iGL@B&Ed out preferably under conditions
where the hydrogen pressure is in the range of 2 to 13 MPa, the liquid hourly space velocity (LHSV) is in
the range of 0.1 to 3.0 R14aRd e’ HyHig¥ il 66 R shedandd Bf 150 to 1500 NL/L, more preferably
under conditions where_the h¥drogen j{Jressure is in the range of 2 to 13 MPa, the liquid hourly space

velocity is in the range %f%g_f_ 36 -1 SABSRRHY A Sfeh /ol FBﬁbéi‘soiWﬁ% ange of 150 to 1500 NL/L,
more preferably unde_r %%IBHES uwgﬂr(%fgz?@%g%%@gﬁﬁgﬁyﬂm%e%%ﬁge of 3 to 10.5 MPa, the liquid

hourly space velocity is In the range of -1, roge ratio is in the range of 300 to

1000 NL/1. Each of iine raandicnsnsey {apios xertinc amnalmfbiens e ani dhie reaction activity. For
example, if the hydrogen pressure and hydrogen/oil ratio are less than the lower limits, the reactivity tends

to reduce, and the activigt¢arids (& Feduice napidiyhifites teydpogem pedsBure and hydrogen/oil ratio exceed
the upper limits, an enormous plant Investment for a compressor may be required. Lower liquid hourly
space velocity tends toA5€ AU WHAGIGNS R & pd A aEMRIIAGMBFY Sifthe liquid hourly space
velocity is lower than the lawer limit, an enormous plant investment for construction of a reactor with an
extremely large voluméﬁm{aa\;'/\f%eape%lﬁag& .?F t?rw%i ﬁgl%%%bﬁy%:%%g \g()a'l[)city exceeds the upper limit, the

reaction tends to proce@qéqﬁpg{'@ig%tgfe@(?@fl@mg-rgg@_tmlQe@mr@{H%@gp be arbitrarily
Preparing Fatty Acid Methyl Ester (Boron
Trifluoride-Methanol Method)", and refers to a
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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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
480C, preferably from 200 to 400C, more preferably from 260 to 360C. If the reaction temperature is
lower than 150C, the reaction would not proceed sufficiently. If the reaction temperature exceeds 480C,
excessive decomposition would proceed and the yield of the liquid product would be reduced. [0025]The
catalyst for hydrotreating is a catalyst comprising a porous inorganic oxide comprising two or more types
of elements selected fromthkumiegen silicoanriccgnitien rhororo ftitakium 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]TRE S dtrY b1 the HidhsereEdfgséatailistesiB Pifous inorganic oxide containing
two or more elements selected from aluminym, silicon, zirconium, boron, titanium and magnesium. The

support is generally an 3R CORAINIP pOYSLS fRSTARIE ONBE UBhmples of other components
constituting the support giclyde sligas i q@e&ﬁ?@&?i§ﬁ?gfﬁ?gm§w5ia' The support is preferably a

composite oxide containing alumina and at least one or more components selected from the other

constituting componentse ridihSURP @by fUHBeE Cantal phortaeys d addition to these components.
The total content of the components other than alumina is preferably from 1 to 20 percent by mass, more

preferably 2 to 15 percert by mhdss.nfche totah comtenviselgesfiean dl p&Bent by mass, the resulting
catalyst fails to obtain a sufficient catalytic surface area and thus would be reduced in activity. If the total
content is more than 20 PEFESAtY MALR, AR iflic properties of the support are increased, possibly
leading to a reﬁp%lfg in actM cay I%% Ib %kﬁe? f?érgg%?&(l)(f r(%]o%f:.f\d\érhe(ggphosphorus is contained as a
support constituting Component, thé content of piosphorus is from 1to' 5 percent by mass, more

preferably from 2 to B.QQﬁggq:thpyb g}@gqseiwgr%%gﬁog_ig@e [QQZJJB'G’LR?EHCHW limitation is imposed on

the raw materials that are precursors of silica, titania, zirconia, boria and magnesia that are the
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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support constituting components other than alumina. Therefore, 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, titanium sulfate, titanium tetrachloride, and various alkoxide salts may be
used. For zirconium, zirconium sulfate and various alkoxide salts may be used. For boron, boric acid may
be used. For magnesium, magnesium nitrate may be used. For phosphorus, phosphoric acid and alkali
metal salts thereof may be used. [0028]The raw materials of these support constituting components other
than alumina are preferalbly @ckle 0 yat esfinyi atqg euplior itoi naloefateaisob te support. For example, the raw
materials may be added to an aluminum aqueous solution which is then formed into an aluminum
hydroxide gel containifdameseesuppert abifstrubiref eoatd¥néars, 3P iay’Be added to a prepared
aluminum hydroxide gel. Alternatively, the raw materigls ?e added at g step of kneading a mixture of
water or an acid aquedt@"SG0HSY é(%“%rﬁ?ﬁé?c%rlﬁ?ﬁ n}%) CUN LA rmediate or boehmite
powder. Preferably, th%sgréggpqﬂlqp&ﬁ' i_ng components are contained in an aluminum hydroxide gel
during the process of preparationthereof. Although the mechanism exhibiting advantageous effects
attained by addjtion of thesexspReticaaRstiwing $oMpONApisshas ihar 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 intueasertta surfaty drea afithe suppoer@and edsise some interaction with the
active metals, thereby giving influences to the activity of the catalyst. [0029] The catalyst for hydrotreating
contains at least one nfetALERGEr MBI IGH FREPE eV 8EtetPRSHithe Groups 6A and 8 metals of
the periodic table, as an activ metalI E&(gmﬁ}clageofds metals incILﬁied Co-Mo, Ni-Mo, Ni-Co-MO, and

L ide

uc
Ni-W. Upon hydrotreatﬁwﬁ?mgs%sr'nnecta S &re Conver 88' (')dl:?é Ry l[ &'form of sulfides before being used.

[0030]The total supporigdameypbAtihe astive Sirislshion &xample, W and Mo is preferably from 12 to 35
percent by mass, more preferably from 15 to 30 percent by mass, in terms of oxide, of the catalyst mass.

If the amount is less tharbkn pethenp hy meassn the eatalyieadthviyewouliie reduced because the
number of active sites is reduced. If the amount is more than the upper limit, the metals fail to disperse
effectively, possibly leatlinty tocpre@ustion Irycaataid astioryn raegndtal supported amount of Co and Ni is

preferably from 1.5 to 10 percent by mass, more preferably from 2 to 8 percent by mass, in terms of
oxide, of the catalyst nfz813{ggd 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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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 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 metadf pfierriativelys sinteguilidfiuntadseptienimethboh @ore-filling method, or
incipient-wetness method is also preferably used. For example, the pore-filling method is a method in
which the pore volume!tf Rt @sgorhidUfiteddredng Budancefiandanan e8s Support is impregnated with the
same volume of a metal salt solution. There is no particular restriction on the method of impregnating the
support with a solution."“l‘ﬁj1 gfé?(?,rﬁﬁ?%gita%}ér‘%g{%arr?‘uafh?e used depending on the amount of the
metals to be supporte 2%4 MW@ pgﬂplgrtli%%; %eggqggrlle L ]iT]he reactor for hydrotreating may be
ti y of hy ee

of a fixed bed mode. T S, supp rogen-to the stock may be carried out in the form of

counter flow or paralleldiaw; b éereatteaivt Foueiilowdrg farpdaidiaw may be combined in a plurality of
reactors. The supply mode of the feedstock is generally down flow. Gas-liquid cocurrent flow may be

employed. Furthermore xd singlg asactoifisatsedddomneenta gilesaigragfireactors may be used in
combination. A single reactor with the interior segmented into a plurality of catalyst beds may also be
employed. In the preseftROEhEHE ST RYBFSHredtBE DN FHEGRALERENS R¥drotreatment in the reactor is
fractionated into predeheémlpeéi fr%qtte'%r}ﬁ é%%us%ré gﬁ%élh IL(J)gjslsjfﬁ%aratlon and rectification. A gas-liquid

separation device or any Omer B{I]-pro uced gas removal device rr%naeyagéJ iistalled between the plurality of

reactors or in the prodygt 186QVarARNG: stERN Prdek toyemope Vgt pensFatRd in associated with the

reaction and by-produced gas such as carbon monoxide, carbon dioxide, and hydrogen sulfide. Examples

of the by-produced gassigroeved deyiae inclite hghhpessese aeparators and the like. [0033]Hydrogen
gas is generally introduced into a first reactor via its inlet, accompanying the feedstock, before or after the
feedstock passes 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
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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 fof W REHEA RIS iEGHAEE MERS HSRlS KiedtiPirom the group consisting of the
Group 8 elements of tt}?t%e}riodic table. Amon%mjese metals, hhe active metal is preferably one or more

metals selected from Pd, ',q?ﬁ',ricrf)ﬂba}’gr?ci RS r%gPeeSrlgfter%N%Egmbination 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,
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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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 0.2 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 dctive onatals omarynobthencatatydiy dooisaaegization. Therefore, any
conventional method for producing a usual desulfurization catalyst may be employed. A method is
preferably employed inGRRicH 2 BOPPHOFRES i pRIGaatesl ititH BosNiBA ROAtaINning salts of the active

metals. Alternatively, an equilibrium adsorption method, pore-filling method, or incipient-wetness method
is also preferably used®F ae&%r%Sigaﬁw‘gtgo?eqfiﬂi%rﬁfé&&d%néﬂFﬁg}ﬁé&ﬁ'ﬁﬁﬂich the pore volume of a

support is measured in&aeqva'gﬁ%,rﬁggi%q ’ttgﬁgsggapem%ﬂggg db\/gith the same volume of a metal

salt solution. No particular limitation is imposed on th od of iImpregnating the support with a solution.

Therefore, any suitable;igthpdtmaydie dsaskdenagding iputheAmeliey ef the metals to be supported and
physical properties of the support. [0045]The isomerization catalyst used in the present invention is

preferably used after trenagtive avpiai(s) conthihed theckia kasteencsabjected to a reduction treatment
before put in use in the reaction. No particular limitation is imposed on the conditions for the reduction
treatment. However, th@V@ B! RN 818 teidle&das§ BENRG BIHEROYDLA treatment at a temperature
of 200 to 400C, preferqu 1Ze4r%g? 380C under hg/grr{)%%n geretnt. It the reduction temperature is lower than

200C, reduction of the active met%d(% ?ﬁsaey noPproces suﬁlcu'—:‘rﬁ%y, and thus the resulting catalyst may

not exhibit hydrodeoxicggq,tjeg Rol Mp@@mﬁggﬁgarilnaé:ﬁigityn{mn%rﬁ%ipgggmtgmperature is higher than

400C, agglomeration of the active metal(s)
gel during the process of preparation thereof.

Although the mechanism exhibiting advantageous
effects attained by addition of these support
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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proceeds and thus similarly the resulting 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 feedstock may be carried
out in the form of counter flow or parallel flow. Alternatively, counter flow and parallel flow may be
combined in 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 reactor with the interior segmented into a plurality of catalyst beds
may also be employedc[0detéytitagber gasliregenenaly surtideced éftora first reactor via its inlet,
accompanying the feedstock, before or after the feedstock passes through a heating furnace.
Alternatively, hydrogerP§48 $nd§asé introduced from the spaces between the catalyst beds or between a
plurality of reazﬁﬁrs for the purposes fcontrollingothe temper '[[ﬁjge in the reactors and maintaining the

hydrogen pressit&3Rer the Wb FBaGUPRP H{BFGER A BelhidB REUUA such a manner is referred to as
"quenching hydrogen".%F[e?rlgt,i?cl)qféggmtgqg,cmpgbmmgqugg@pawgrﬁg%p introduced, accompanying
y

the feedstock is prefera rom 10 to 60 percent by volume, more preferably from 15 to 50 percent by

volume. The ratio of leathagslPiERNb PYHIdMA JYeegarss i tepaensy that the reaction at reaction
sites in the subsequent stages does not proceed sufficiently. The ratio in excess of 60 percent by volume

would cause a tendendy tBatikeceattiynmeass the ielenefdhe xedetarfdbes not proceed sufficiently.
[0048]If necessary, the isomerized oil resulting from the isomerization may be fractionated into a plurality
of fractions in arectific@RtYNeM 887 exhiffeatRe Bnerised &l @ay Be fractionated into a light fraction
such as gas and naphtha fractlt%n, %mlddl%fract{on ﬁuch as kﬁrosenfﬂebnd gas oil fractions, and a heavy

fraction such as residuBS fiv this Xasg,sﬁ'fet cﬁtct%nql Eratire BemweSH the ﬁght fraction and the middle

fraction is preferably frogy 0@ (o005, JRorePraiararly em:1RR 19189 f,200C, more preferably from
120 to 160C, more preferably from 130 to 150C. The cut temperature between the middle fraction and the

heavy fraction is preferaidyreth 25Q e 3600w Mmoire preferablyrirome 2ashter 320C, more preferably from
250 to 300C, more preferably from 250 to 280C. Such a light hydrocarbon fraction thus generated may be
partially reformed in a $tedin tiegornsitRy sih@itHerebyRs osRiEhg lid®yen. Hydrogen thus produced has
carbon neutral characteristics and thus can reduce environment load because the feedstock used in the

steam reforming is a biBﬂ%éQ—'éfri@ﬁQt’iﬂg ﬁ9q?qrc,%qﬂ8ﬁ'.0ﬂ1énn‘ﬁ3&?éyf%ction produced by fractionating the
isomerized oil can be spitgbly used a5 3L PUFNRT IS  BARS unt 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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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 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 hyteedrbon @it ibaih hgthpaneatianddwa By bigh smoke point. No particular
limitation is imposed on the method of producing the synthetic gas. Any conventional method may be
used. Examples [0050]Thergi@sengifysetpreRiladsxrisedl By mare Wedls with reference to the

following examples but is not |imite thereto. [0051 (IPreparat'on of Cata(lg/gt) <Catalyst A>
ausualdesulfurizationcatalystmaybeemployed.

Amethodispreferablyemployedinwhichasupport
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
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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To 3000 g of a 5 mass% sodium aluminate aqueous solution was added 18.0 g of sodium silicate No. 3.
The resulting mixture was placed into a vessel kept at a temperature of 65C. Separately to this, in another
vessel kept at a temperature of 65C, a solution was prepared by adding 6.0 g of phosphoric acid (85%
concentration) to 3000 g of a 2.5 mass% aluminum sulfate aqueous solution. To the solution was added
dropwise the agueous 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 therebyquoducing & cakeriikeoslusiviploy elhe Festiiergnealks-bke 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 weredf8éel fearetd! fisliswed B HeatHgaRdusaitg &l a temperature of 75C for 20
hours. The resulting slurrﬁ{\évas placed in a kneader and kneaded while being heated to a temperature of

80C or higher to remové& ASRIGrE @ rR6yH5BAUBirtP PARAHR k|84 [Sroduct. The resulting kneaded
product was extruded Ii@tgcqqiryu\ﬂgﬁr@%aﬂﬁ Qﬁgipg i el %%‘%mm through an extruder, dried at a
: )

temperature of 110C for one hour and then calcined at a temperature of 550C thereby producing a

molded support. Iniouaa IrgapiaRitBipe sk vas plarss! 5O &heb thggasulting 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 pinosphgrie aciolt (85% tbnoentiatibny rarided g afimalic acid while deaerating with
a rotary evaporator. After dried at a temperature of 120C for one hour, the impregnated sample was
calcined at a temperattifs Bt B¢ HBrBY{ IRHERIMS ChtaIyReA S PséYPHysical properties of Catalyst A are

set forth in Table 1 bel?yv.é%atgpés& ||3n>to . Into.an eglqgé)(ljaprt-txp(e) rl;lgsk was placed 50 g of a
commercially available §hica Hdmina supﬂjor??‘ﬁ%%% manu ac{uredbyJGCC&C), and then poured an

aqueous solution of tet{ﬁ%nd’gipgg@tngﬁgl‘od'{gi@nvgmmg@ﬁ@(@gng with a rotary evaporator. The

impregnated sample was dried at a temperature of 110C and then calcined at a temperature of 350C
thereby producing CatalygaB- [Tdei arsepziraf gatingni seipposey enh@atalyst B was 0.5 percent by mass
on the basis of the total mass of the catalyst. The physical properties of Catalyst B were set forth in Table
1. [0052](Example 1) by-pneddted whs (RmevdharRee ©Maynhe) sadaded with Catalyst A (100 ml) was
installed countercurrently in a fixed bed flow type reactor. Thereafter, Catalyst A was pre-sulfurized for 4

hours using a straight-RFRTYEE Bl EnPALERI LIRS 'GREERTS BRIRHRG dimethy! disulfide, under conditions
e e e A SV B o e g i eseure v 6P e

generated in associated with the reaction and

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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After the pre-sulfurization, a hydrotreated oil after being introduced into a high pressure separator
described below was partially recycled to be incorporated in vegetable fat 1 having properties set forth in
Table 2 (the ratio of the compound having a triglyceride structure in the oxygen-containing hydrocarbon
compound: 98 mol%) so that the amount of the hydrotreated oil is one 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 (in terms of sulfur) thereof to be 10 ppm by mass. Thereafter, the feedstock was hydrotreated.
The feedstock had a deasifyeatatbfe 0h(i9€0 exid arsdaard axypgetaconignthef 11.5 percent by mass. The
hydrotreatment was carried out under conditions where the temperature at the reaction tube inlet was
280C, the hydrogen prégsliea®a 655 MPa cverigeiw helglessdessefotitcias 1.0 h-1, and the

hydrogen/oil ratio was 510 NL/L 'IA‘ hydro(i}reated oil Broduced b\ﬁ hddrotrea ing the feedstock was
Introduced into the high PrRYSSIR!SepEMISP AR A%DE MYHRYEReAVI i sulfide, carbon dioxide, and

water. A portion of the gW%ﬁW&I?Q r%i}é)]f[.%rdq%ir% I"HWQVEE&??@/@FQ ign..pressure separator was cooled
wi nd t 0 '

to a temperature of 40 th cooling water a en recycle e mixXed with the vegetable fat 1 as

described above. The ot aiesaih e anes At hiasysyee Waghretroduced into a fixed bed flow type
reactor (isomerization unit) equipped with a reaction tube (inner diameter: 20 mm) charged with Catalyst

B to be isomerized. Béfpry igeneiizatidn cEdiadyst@npas yedgdée filregisdoek 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/mifs R RIE R YIMEPLREIBRA GISS BERHEE 'BUR GBS Bonditions where the catalyst

layer average temperature Waﬁ?f]%SQC thf@gg%ﬁﬁ_g pressyre was 3 MP‘P]’] éhe liquid hourly space velocity

was 1 h-1, and the hyd%gé%%l PAtIo WAS T Isometized Gil was directed to a rectification

tower and then fractionally slistitled: inie, gdi@@pé@q{&m@qgﬁg@@gi@&@&ge of lower than 140C, a middle

fraction of 140 to 280C, and a heavy fraction of higher than 280C. The middle fraction was used as an
aviation fuel base oil. Theehytbratpatingtnenditions ard tba ¢riopeasties df the resulting aviation fuel base oil
are set forth in Tables 3 and 4, respectively. [0053](Example 2) Hydrotreatment and isomerization
were carried out in the SiEmeubagageasd HAdE EAaeple At axcegr etht the feedstock contained 50 percent
by volume of a petroleum-based base oil having properties set forth in Table 2 and the hydrogen

pressure for the hydrotPediHian Was 3MFP3LRLRpycess 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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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 270C. The hydrotreating conditions and the
properties of the resulting aviation fuel base oil are set forth in Tables 3 and 4, respectively.
[0054](Example 3) Hydrotreatment and isomerization 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 fat 2, and for
the hydrotreating, the réapteordinigs imaeteraparature peas 860Ce thpdnatogean pressure was 10 MPa, and
the liquid hourly space velocity was 0.5 h-1. The hydrotreating conditions and the properties of the
resulting aviation fuel H&se bylcHRt k2 toih i aEligies BHad 2 1espa&r/el). [0055](Example 4) An

aviation fuel base oil as set forth in T bleéwas prepar d b blendin SE?f%ercent by volume of the
aviation fuel base oil prOtILEP I BXERADIE fars® 86’ 8r it ﬁyq;olﬂﬂﬁ% n aviation fuel base oil having

properties set forth in T r%?&éjﬁ%wﬁﬁg“. yhlgy ;%gﬁe HIf 5% o| Iﬂr?ctlon fractionated a fraction produced

by treating crude oil an at ospheric [lation within a g point of 140 to 270C. [0056](General

properties of feedstockngift ayiatiihiée)per Al an@ aviatioafielkhe 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 densitinael1BCI (dansitg@46Cpiaisey anmmexmeadutet! in accordance with JIS
K2249 "Crude Oil and Petroleum Products-Determination of density and petroleum measurement tables
based on reference terfﬁ)'é?éftﬂ%‘('igtf)“he casewhereonly 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 kinematic viscosity at 30C or -20C refers to a value measured in accordance with JIS K2283 "Crude
Oil and Petroleum Products-Test Methods for Kinetic Viscosity and Viscosity Index Calculation Method".
Elemental analysis C (mass%) and H (mass%) refer to values each determined by a method defined by
ASTM D 5291 "Standard Test Methods for Instrumental Determination of Carbon, Hydrogen and
Nitrogen in Petroleum Products and Lubricants"”. The oxygen content refers to a value measured by a
method such as UOP649-74 "Total Oxygen in Organic Materials by Pyrolysis-Gas Chromatographic
Technique". The salfapecmnterd gefefsto e salie wieastihed ée dstoudance with JIS K2541 " Crude Oil
and Petroleum Products-Determination of sulfur content". The acid value refers to a value measured
in accordance with JISIRZB0Q2 d'peg@diaerePitRiutty AAE 1alkeitadty ©ils Test Method for Neutralization

Number". The composition r?étio_of fat%éaciﬁi_%romépfi in anirélal or vegetable fat refers to a value
determined in accordahRE\WRIRhR BB PR ARREP B GRAFRRABHETE tAe Analysis of Fats, Oils and
Related Materials (est Iﬂﬁ%ﬁ;ﬂ }Sf@gggtgpsc&?mg@{eﬁpﬂgygt(- %)r"2.4.21.3-77 Fatty Acid

Composition (FID Temperature Programmed Gas Chromatograph Method)". The flash point refers to
a value determined in aeoQidanca SdH dIPsiiAReD SFo1decb pad i Britrigem Products-Determination of

flash point-Tag Closed Cup Method". The distillation characteristics refer to values measured in
accordance with JIS K2254{Rétlalcum prdusgHDetsrotimation of distillation 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 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".
The freezing point refers to a value measured in accordance with JIS 2276 "Determination of the 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 valua asgasAredliiu acoordarncef witb i SrKRARGL"Petetnyination of thermal oxidation
stability of gas turbine fuels-JETOT method Method A, Method B". [0057](Life cycle characteristics)

The life cycle charactef%#igs (ffeldfcROS &P lyarifatsH) s eripadas shef present Example were

calculated by the foIIovEr[] method. . Life cycle CO2 was alﬁ%lated as the CO2 generated from
oil-well drilling in the fu ?{FSdBBf?&%r{é?:ﬁhﬂ{bir@qS 'é'r?g%ﬁl%m §aHKe  The CO2 generated from

oil-well drilling to pumpliggg% AN m@t)lglrjlﬁd‘yeé&Qgr(p%rpg@g%rcﬁ%ﬁrrgggo as "Well to Tank 002") was

calculated as the total CO2 emissions during a sequence starting the drilling of material and crude

oil resources, through raRsaATIABPRYRIRARSEING, PO dreHRIYetP BRI to an airplane's fuel tank. For
calculation of "Well to Tank 002", the calculation was carried out in consideration of the carbon dioxide

generated during the follaWwitige(18)dooB8peednts| Dateeegs@d/fotame calculation was the oil refinery
operation performance date possessed by the inventors of the present invention. [0058](13) Carbon
dioxide emissions accaiHpanigatly 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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with the use of fuel for various processing devices and facilities such as boilers (23) Carbon dioxide
emissions accompanied with reforming reaction in a hydrogen producing device in a processing using
hydrogen (33) Carbon dioxide emissions accompanied with regeneration of a catalyst if the
processing is carried out through a device such as a catalytic cracking device requiring continuous
catalyst regeneration (43) 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 (53)
Carbon dioxide emissitnsindpando ibrznah os \eagatadoia al anwe dicoinggonent originating therefrom were
obtained from Malaysia or regions therearound, and a gas oil composition was produced in Yokohama,
Japan. [0059]As appartit fions thatilete Nes DI8E0ICRIcABASE Ok PMpared in accordance with Examples
1 to 4 using a feedstock originatin Jrom an arai al ?r vegetz]ole fat have excellent properties as aviation
fuel base oils and are r’iS\%%\t/?aﬁg ¥G& HABE (&1 itEPFatVE 18 $2froleum-based fuel, which contribute to

the prevention of glOb%%@@Pgaégﬁy%po]gen/oil ratioexceedthe 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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[Table 1] C atalyst A C atalyst B C ontent Al20 3 in ass%, based on support m ass) 91.2 100 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)

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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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 0 0 0.5 Pore V olum e in VQ)

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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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 Vohme 6 by volume) 2239 [006 1] [Table 2]

[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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V agetable Fat | (coconut oil) Vegetable Fat 2 (pah oil) Petroleum - based Base 0 il Aviation Fuel Base O il
Density at 15C (kg/m3) 900 916 792 790 Kinem aft viscositycosity at 30C 61 m 2/5)

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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1.4 1.3 Elem entalAnalysis Cin ass Vo) 77.0 77.3 85.2 85.0 H in ass %)

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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12.0 12.0 13.3 15.0 Oxygen Content 61 ass Vo) 11.5 10.6 <0.1 <0.1 Sulfur C ontent ill ass Vo) <1 <1

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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1.15 0.05 Acid Value in gkOH/g) 0.10 0.07 0.00 0.00 Butyric acid group C3) 0 0

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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C aproic acid group (C5) 00 Caprylic acid group (C7) 4 0O

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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C apric acid group (C9) 4 0 Corn ponent Ratio bass Laurie acid group (C11) 49 0

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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%) of Fatty A cid Groups in Fat (num ber of carbon atom s in fatty acid carbon chain ) M ylistic acid group
(C13) Painitic acid group (C14) 179144

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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S tearic ac id group (C16) 3 5 Oleic acid group C17) 7 39

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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Linoleic acid group (C17) 2 10 Linolenic acid group (C17) 00

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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[0062][Table 3] Examph 1 Examph 2 Examph 3 Recycled Am ounttinesby mass11

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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1 Reactbn TemperatureC (Temperature at Reactbn Tube Inlet ) 280 280 360 Hydrogen PressureM Pa 6 3
10 LHSV 1.0

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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1.0 0.5 With or Without Quench irc Yes Yes Yes Am ount of Additbn ofSulfur- C ontaining H ydrocatbon
Corn pound (to Feedstock) ppm by m ass 10 10 10

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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[0063] [Table 4] Exampb 1 Examp b 2 Exam p b 3 Exam p b 4 Dens fly at 1 5tg/ cm3 0.750 0.771
0.780

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
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0.769 Fhsh Pontt 85 64 75 60 D is tilh don Characteristics T10t 150t 190t EPt 202.0 225.0 238.0 258.0

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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[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

-42-
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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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[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)

-44-



<1 0 <1 Life C ye le Characteristics W to W-002 em issians)g-002/MJ) 40.4 53.8 50.0 54.3 Industrial
Applicability [0064]The present invention provides an

[0061]
[Table 2]
Vagetabk Fat 1|Vegetablk Fat 2|Petroleum — Aviton 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
acid carbon chan ) |Pal itic aci group € 14) 9 44 - -
Stearic acid group C16) 3 5 - -
0ki acid group C17) 7 39 - -
Linokic acid group C17) 2 10 - -
Linokni acid group C17) 0 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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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.
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.
claim 1, wherein said feedstock further comprises a petroleum base oil produced by refining crude oil.
The process ac@méip to claim 1 or 2, wherein the total of the compositions of the fatty acids having a
fatty acid hydrocarbon chain of 10 to 14 carbon atoms in said animal or vegetable fat is 60 percent by

Claims

mass or more

The process according to

ThETgiicedd according to any one of claims 1 to 3, wherein said hydrotreating

comprisesa step wherein said feedstock 15 hydrot e%tea mletne pEesenqee 0 rﬁlaroggré LSIE a cgtg sta
catalyst ccwﬁ—m&gaﬁﬁme@ﬂ#:sm" to-of—+hHote Lypc‘ st elementsselected-Hom
aluminum Qlﬁpﬁ\w Atcd ﬁ:lm1 baron, titan®fand r'\nggzg&m;_and_&ygl_gr_n vcted
from the grBlipedisisting of the Groups 6A%nd 8 elemetits of the pétiodic|table’Supparted filereon,
under congitisrtwheretthe fydrogen pressure is ffom 2 to 13 MPa, the liquid hourly space velocity is
from 0.1 t¢-BO h-1, the hydrogen/oil ratio isdrom 150 t@o2500 NL/L;@nd the reagtion temperatare ig from
150 to 480G The process according tg any ohe of.glgims|1 to,4 yvhetein saig hygrotreafing
comprisesf g,step wherein the hydrotreatedé')ll prod ucegérb the saldzg@/grotrnatlgg4%tep Df cl%rén 4 is further
isomerized in the presence of hydrogen using a catalyst compiising_a porous inorganic OXIde comprlsing
two or mok cted W 5§9'Mn, zircohium, bnrR_Z{f fitani Ygregium
and zeolite 2t ; BT IER d frdth the group’consisting of the Groug B elements
of the perljdlromadjhe @Gp}wrfted thereon, umdi?ér 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 issions) 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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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/oil ratio is from 250 to 1500 NL/L, and the reaction temperature is from 150 to
380C. 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 the process according to any one of claims 1 to 5 and
an aviation fuel base oil produced by refining crude oil.

Claims

[Claim 1] 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.

[Claim 2] The process according to claim 1,
wherein said feedstock further comprises a
petroleum base oil produced by refining
crude oil.

[Claim 3] The process accordingtoclaim1or 2,
whereinthetotalofthecompositionsofthe
fatty acids having a fatty acid hydrocarbon
chainoflOtol4carbonatomsinsaidanimal
or vegetable fat is 60 percent by mass or
more.

[Claim 4] 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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