PROCESS FOR PRODUCI NG AVI ATI ON FUEL BASE O L Technical Field

(0001] The present invention relates to a process for producing an

avi ation fuel base oil. Background Art [0002] Attention has been
focused on the effective use of biomass energies in order to prevent
gl obal warming. In particular, those originating fromvegetables in
particul ar can nmake effectively the use of hydrocarbons converted
from carbon di oxi de by photosynthesis through the growth process of

t he vegetabl es and thus have a nature so-called carbon neutral, which
does not lead to an increase in carbon dioxide in the atnosphere in
view of the |ifemrysss Bonmssodoatic hes:iadom hvgh gegeeerof
expectation as an alternative energy to petroleumfromthe viewoint
of depletion of petroleumresources and inflating oil prices.

[ 0003] The use of bionmass energy has been variously studied also in
the field of fuel 3e¢bricpranEp6Ldati on. For exanple, if a fuel
originating froman animal or vegetable ¢oil can be used as diesel
fuel, the fué?o?ﬁ]expe@P@dpf8sFagel%ﬁe%FfBEtF%%aF%?et?rﬁ(ﬁﬁ?ﬁﬁﬁs

di oxi de em ssion .reducti.on.because of iits synerglstic.gffect with

t he hi gh energy eF?lcPency ot “a’di esef éngi ne.” Exanpl es "of generally
known di esel fuel §au85084881 ARk Or vegetable oils includes fatty acid
nmet hyl ester oils (abbreviated as "FAVE'). The FAME is produced by
ester-exchangomgztri gl yeeehdeonWhih€bd & & ogenRRIAbnSt K élGd & t0fvan

ani mal or vegetable oil, with nethanol with the aid of the action of
an al kali cat al ystseVdl bousassusir@sg haveénabtsdebaenrcarenedrimibakso as
to use the FAME not only for diesel fuel but also for aviation fuel,
i.e., jet fuel. AVRER&AREs sPerRaehbthous: amrFk CofIfratinhd Rive
been affected largely by the recent inflatin il prices. Under these
i rcumst ances, miBRSGEREAEPGIT RAS BERH pat o 15 15 BhESS “f UEF Yad an

i mpor t ant iten]taKLQQﬁghQQE%carbons 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. 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] The use of biomass energy has been variously
studied also in the field of fuels for
transportation. For example, 1f a fuel
originating from an animal or vegetable o0il can
be used as diesel fuel, the fuel is expected to

take an effective role in carbon dioxide emission



not only as a neasure for preventing global warm ng but also as fuel
alternative to petroleum Currently, the use of the FAME in the form
of a mxture with a petroleumbased jet fuel has been carried out in
sonme airline conpani es although on a trial basis. [0004] However, it
is necessary to dispose of glycerin produced as a by-product during

t he process of producing the FAME as described in Patent Literature
1 below. Costs and energies are also required to clean the resulting
oil. Furthernore, the FAME has concerns about its |ow tenperature
performances and oxidation stability. Since aviation fuels in
particul ar are expesadtieneXtrelBLYot OWd epperatiuias dureng fitght at
high altitudes, they are required to satisfy highly strict |ow

t enper at ure perforhende gdt andangs e e enlvey AME IGidsebenysiets . it i S
very much a situation that the FAME nust be bl ended with
petrol eum based | Exkafpékesand vlacamddn kofowrhal IFAVE nistlher s | .

For oxidation stability, the specification of aviation fuel has
establ i shed the ad8ifPon°8f VEFEIFGRIIGart's S HOWENETSS vikfer ¢ GifsiYer at i on

is given to the stability of the b il,.th f_must b
el a5 wel | as PBPYOureERBPattr SoBBF P AAGeS oG FAEGA i SEe

Patent Literatur e%AhQOloé%F%ﬁ% d%%%@%%é%f{%%lg‘él%@%ﬁt??i Fee0tiae,

Application Laid-Open Publication nmar y~ of

| nvention which is a general structure of an animal or
vegetable 0il, with methanol with the aid of the
action of an alkali catalyst. Various studies
have also been carried out g0 as to use the FAME
not only for diesel fuel but also for aviation fuel,
i.e., jet 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
bicmass fuel as an important item taking a role
not only as a measure for preventing glcbhal
warming but also ag 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, 1t is necessary to dispose of

glvcerin produced as a by-product during the

process of producing the FAME as described in



Techni cal Probl em [ 0006] The present invention intends to solve the
foregoi ng problens and has an object to provide a process for
produci ng an avi ation fuel base oil having excellent conbustibility,
oxidation stability and life cycle characteristics. Solution to
Probl em [ 0007] The present invention has been acconplished on the
basis of the results of extensive studies carried out the inventors
to sol ve the above probl ens. That is, the present invention
relates to a process for producing an aviation fuel base oi
conprising hydrotreating in the presence of hydrogen a feedstock
conprising an oxygenegaaentakeragulydiodanben coapesndnar egematieBg from
an ani mal or vegetable fat and a sul fur-containing hydrocarbon
conpound. [0008] Theeprésentrernverd 6n alsenr ¢hat eestud ttima fagrlegoi ng
process, wherein the feedstock further conprises a petrol eum base oi
produced by refining cFyg&hggmore, the FAME has concerns about its

low temperature performances and oxidation
stability. Since aviation fuels in particular
are exposed to extremely low temperatures during
flight a2t high altitudes, they are regquired to
satisfy highly strict low temperature performance
standards. When the FAME is to be used, it is very
much a situation that the FAME must be blended with
petroleum-based jet fuel and the amount of the
FAME must be small. For oxidation stability, the
specification of aviation fuel has established
the addition of antioxidants. However, when
consideration is given to the stability of the
base o0il, the amount thereof must be small as well
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
Technical Problem

[0006] The present inventlon intends to solve the
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[ 0009] The present invention also relates to any of the forgoing
processes, wherein the total of the conpositions of the fatty acids
having a fatty acid hydrocarbon chain of 10 to 14 carbon atons in the
animal or vegetable fat is 60 percent by mass or nore. [0010] The
present invention also relates to any of the foregoing processes,
wherein the hydrotreating conprises a step wherein said feedstock is
hydrotreated in the presence of hydrogen using a catal yst a catal yst
conprising a porous inorganic oxide conprising two or nore types of

el ements selected fromalumnum silicon, zirconium boron, titanium
and magnesi um andreregoingopeobypes ahdnehal snsebe¢etedtdronothéegroup
consisting of the G oups 6A and 8 el enents of the periodic table,
supported thereona pmdeesedidi birods cvifier ent 4vel dybeodere lphessueeli s
from2 to 13 MPa, the liquid_hourly space velocity is from0.1 to 3.0
h-1, the hydr ogenF8VEFafk6 eild ePtoMOTSE Sitd PESFE WNL/A% -+ Hid the
reaction tenperature i.s.from 15Q .to 4802C [0011] The present

i nvention al so reFﬁ?géiESYaﬁﬁgoalFﬁecﬁéi?(éﬁﬁfﬁ)%?(ﬁé&%ﬁSMMerein t he
hydrotreating conmpLigesoa tLep Mpslgi n the hydrotreated oil produced
in the said hydrotreating step of claim4 is further isonerized in
the presence[ghohydr ogen UstBgeAt Cat-AlYiSt o€ HHY bSkRla &c PR OUShed

i norgani ¢ oxide conprising two or nore types of elenents sel ected
fromal um num sibhcone ZigLon ighdakeml tisi banexoenaghaest uai asd
zeolite and one or nore types of nmetals selected fromthe group

consi sting of thec@rgpdsooaltemust § nofentiper sperd gdi ‘v« dbdiee, alsapport ed

t her eon, under conditions where the hydrogen pressure is from2 to 13
MPa, the |iquid hB&PPye&Sace velocity is from0.1 to 3.0 h-1, the

hydrogen/oil ratio is from 250 to 1500 NL/L, and the reaction
temperature is fron1158%F5 3802 5005 O b AP /9304 0 &

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 hﬁdrocarbon compound.

[0008] The present invention also relates to the
foregoing process, wherein the feedstock further
comprises a petroleum base o0il produced by
refining crude oil

[000C9] 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



[ 0012] The present invention also relates to a process for producing
an avi ation fuel base oil wherein the aviation fuel base oil is
produced by bl ending an aviation fuel base oil produced by any of the
foregoi ng processes and an avi ation 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 conbustibility,
oxidation stability and lifecycle characteristics resulting fromits
carbon neutral characteristics and can contribute to primary energy
di versification. Best Mdeaotker Carrying Qut the Invention [0014] The
present invention will be described in detail below [0015]In the
present inveh®?bh] thefbeipresedt dfvadsitackleonpel aiag tanany of
oxygen-cont ai ni ng hydrocarbon conpound originating froman ani mal or
veget abl e fat andtBes&PFEFCEBAt BFAICHE SKFdr #E&FI56R Corfpound.
[ 0016] Exanpl es ofthe gnin@l or ve%etable fa

vdrotrea

ing comprises a s%ep wherein said
feedstock is hydrotreated in the presence of
hydrogen using a catalyst a catalyst comprising
a porous inorganic oxide comprising two or more
tvypes of elements selected from aluminum, silicon,
zirconium, boron, titanium and magnesium and one
or more types of metals selected from the group
consisting of the Groups 6A and 8 elements of the
periodic table, supported thereon, under
conditions where the hydrogen pressure is from 2
to 13 MPa, the liguid hourly space velocity is from
0.1 to 3.0 h™!, the hydrogen/oil ratio is from 150
to 1500 NL/L, and the reaction temperature is from
150 to 480¢=cC.

[ooi1j] The present invention also relates to any of
the foregoing processes, wherein the
hydrotreating comprises a step wherein the
hydrotreated o1l produced in the said
hyvdrotreating step of claim 4 is further
isomerized in the presence of hydrogen using a
catalyst comprising a porous inorganlc oxide

comprising two or more types of elements selected



i ncl ude beef tallow, rapeseed oil, soy bean oil, and palmoil. Any
fat may be used as the aninmal or vegetable fat in the present
invention. Alternatively, waste oils resulting fromthe 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 conposition) of
fatty acid groups each having a fatty acid carbon chain of 10 to 14
is 60 percent by nmass or nore. Preferable vegetable fats that can be
t hought fromthi s f¥b@WapQmihuadl, e sGQGdH, Giilrand yal maotdn These fats
may be used alone or in conbination. [0017] The fatty acid conposition
is a val ue deternth¢cdninmaceevdandcemvenld Seandardaidsbnkbebhodopt
Analysis of Ols and Fats (established by Japan G| Chem sts'
Society) (1993) "2ygeplo %mwa#atwl%wd EE19BOST € 9619 WPFF £ Pt B Bfmed
Tenperature Gas Chronat ograph NMNethod)" using a progranmed te erature
gas chronatographoéqﬁpﬁpgaowptﬁ &lﬁ%ﬁﬁ¥% | 2415 &if T dr2}

from methyl ester prepare accordance wth standard Te hod of
Anal ysis of Qs aﬁ Eats (é:glteat?lol "¢hed by Jcapdstdﬂn Chemrg% M;é
Society) (1991) "2.4.2 e% Qeé@w@d é%d?{@p%lmﬁ‘paattxh/éC!L@qh/@ahyl
Ester (Boron Trifluori t hanol Method)", and refers to a
constitutive rat|ao@&a§s&@aeé eathciayt ys aidh gr.aupoc®nstht’yt thg t he
fat. [0018]1n general, an oxygen-contai ning hydrocarbon conpound
originating from amdarciorerl/ cdll vegébabkeffam 4%0 accadnmpPduld/baveng a
fatty acid triglyceride structure but may contain other fattg aci ds
or oxygen-cont ai nitf§ ﬁ?éﬁéé@@béﬁﬁéﬁﬁﬁﬁuﬁﬁ% #ﬁxﬁHQWxﬁﬁQ)%%t%ﬁ todi es,

such as fatty acid net ester. However,. the vegetable
preferably c%ﬂ?é?ﬁs naFﬁFyp&%ﬁﬁﬁﬁnﬁﬂﬁEQEﬁﬁqu¥f rﬁ%ﬂ@%%ﬁlﬁ% a

structure with thg gbj gt @4@ BLohadye l_{%' ng.CaLhe0, d,0x(,d¢ gOLssLnS

because carbon di 8xi dé is rate on production of fatty acids or
fatty acid ester swfhresl@lylegﬁgaaoheaiféﬁ fudiNphhe §Iesentroavertd gy, the

rati o of the conpound having a triglyceride structure in the

oxygen- cont ai ni ngphyakaear Horkvaegiaiinduel base 0il produced by any
of the foregoing processes and an aviation fuel
base ©il produced by refining crude oil.
Advantageous Effects of Invention

[0013] The present invention provides a process for

producing an environment friendly aviation fuel
hase o1l having excellent combustibility,
oxidation stability and lifecycle
characteristies resulting from its carbon neutral
characteristics and can contribute to primary
energy diversification.

Best Mode for Carrying Out the Invention

[0014] The present invention will be described in



contained in the feedstock is preferably 90 percent by nole or nore,
nore preferably 92 percent by nole or nore, nore preferably 95
percent by nole or nore. [0019]Alternatively, the feedstock may
further contain a petrol eumbased base oil produced by refining crude

oi | . Exanpl es of the petrol eum based base oil produced by refining
crude oil include fractions produced by atnospheric or vacuum
distilling crude oil and fractions produced through reactions such as

hydr odesul furi zatin, hydrocracking, fluid catalytic cracking, and
catalytic reform ng. The amount of these fractions may be arbitrarily
set as long as theesalfubetontent of the feedstock is within the
predeterm ned range descri bed bel ow. Furthernore, the petrol eum based
base oi |l prot@eedl by réfi thargreesea toillnviemt ige a tdemsourid WWweddiaat i ng
fromchem cal products or_a synthetic oil produced through a

Fi scher- Tropsch r&88fFHRCK COMPTiRANGLAR SV IGIE"dHY s i nposed

th t ent ' f t trol based b Ll d d
et ining crude of PYOFRCERECPGRORPOEKS. POABIRR C LRO-TaE B idriral”

preferably fro”‘2QrtQeZQth%%SFkﬁbXnﬁOBU@%&f%?ﬂ%p%&%ﬁ%&%@ly_fro”‘30

to 60 percent by vol une. particular Timtation I's i nposed on
the sul fur-contai Ri-agobYdrecarbBRpocaapound al so contained in the

f eedst ock. However, specific exanples include sulfide, disulfide,
polysul fide, [¢thi®]l, thEephenes bénzathiaaphene ordivikenrzcidlicophene, and
derivatives thereof. The sul fur-containing hydrocarbon conpound
contained in the teedsdeckeahytdlel o sidegles ashpddndser hearxeure of
two or nore types of these conmpounds. Alternatively, a petro] eum

hydr ocar bon fract#Bf BdhF a7t ng 20 5@t ey BE Bsed a8 the animal
sulfur-containingopydgoggrggn ggpo%nqhe[Og%%LEQei%%gg%ﬁcpontent of
the feedstock is pre?e?a ?y T t6 50 ppn1b€ nmass, nore prefﬁrably 5to

30 ppm by mass, npie.preterably 105t 20 PRI JTBIS £i-Bul SF 05, 04
sul fur on the basis of the total nass of the feedstock. If the sulfur

content in terns of sHbEHrthss| @ss bbBafisdappradyev@ss,intviendscto be

difficult to maintain stable deoxidization activity. If the sulfur

content is in excessbofh neutral, it 1s preferable to use vegetable
fats. In view of the vield 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 accordance with Standard Test

Method of Analysis of 0Oils and Fats (established



50 ppm by mass, the sulfur concentration of the |ight gas exhausted
during hydrorefining process will be increased. Furthernore, the
hydrorefined oil is likely to be increased in sulfur content and thus
woul d adversely affect the exhaust gas purification device of a

di esel engine when it is used therefor. The sulfur content used
herei n denotes the mass content of sul fur neasured in accordance with
JIS K 2541 "Determ nation of sulfur content"” or the nethod descri bed
in ASTM 5453. [0022] The sul fur-containing hydrocarbon conpound
contained in the feedstock may be m xed with the oxygen-containing
hydr ocar bon conpoyggpdgapikgi nati k@ ehiemsan saimly yor( wagpet abl e f at

bef orehand and then introduced into a reactor of a hydrotreating unit
or alternatively may4belsapplli €dtity & cde€ctGompasgistireeani®ie react or
when the oxygen-contai ni ng hydrocarbon conpound origi nating from an
ani mal or veget abP&cpsaiaefodeeed relieE ﬁas[@WZﬂmﬁﬁ?QﬁﬂQﬁlon f uel
base oil of the present invention nay be p ared b rotreating

t he above- descrlbHBtP8§d§tB@RngPﬁeﬁé%%ﬂiTmQ%: %ﬁ% %%f(ﬁﬁﬁajns t he
fol |l ow ng hydrotregtlgg steps I n theeﬁges | enthp

bh Snization
hydrotreating is CAFFIMEG°8 pr§EUIﬁﬁ1y un er Scondi'ti ons ere the

hydr ogen pressuredle§e\:reo'a:hqp&@>wgefr%f i 3a\§%%rt dd .l dipourly
space velocity (LHSV) is in the range of 0.1 to 3.0 h-1 and the

hydrogen/oi | rati@cksridantkewi ange: ohadbl A 150 N b £ MREBysis
preferably under conditions where the hydrogen pressure is in the
range of 2 to 13 MPapiflke ahidquiad showrsbeldpaded/déhodianen ©ih t he
range of 0.1 to 3.0 h-1, and the hydrogen/oil ratio is in the range
of 150 to 1500 NLEBEemAsice ' pﬁ‘r%@ﬁe@%f/y 1@??éér"%oﬁd?@i%n%1\}ﬁférl’é>q Rer

hydrogen pressure_is in the range of, 3.t0 10.5 MPa, the liquid hourly
space vel ocity |sPFﬁpFﬁénﬁaﬁ6§t fA§¥ﬁ5ﬁ?§@F%JQF?FrEﬁﬁP

hydr ogen/ oi | ratlgrl%l rgg% &%n%%ﬁol 309 o lOOOrM_/lJé o &Fach
er

of the conditions i s factor ex an 1n Iuence on t%e reactlon

activity. For exa%hgtlltﬁlttl% méctrl%ge(mna%rs%saswfe afich hyorogens oj |
ratio are less than the lower limts, the reactivity tends to reduce,

and the activity tepds b@nb&d&&&ﬂﬁﬂﬂdﬂ@/fdﬁ t he hydrogen pressure
and hydrogen/oil ratio exceed the upper limts, an enornous plant
i nvest ment f®P0a8¢onpr &ssarnwry lbe arequiveh -dovieriningmi d hourly

hydrocarbon compound originating from an animal
or vegetable fat is a compound having a fatty acid
triglyceride structure but may contain cther
fatty acids or oxvgen-containing hydrocarbon
compounds modified to ester bodies, such as fatty
acid methyl ester. However, the vegetable fat
preferably contains mainly a component having a
triglyceride structure with the objective of
reducing carbon dicoxide emissions because carbon
dioxide is generated upon production of fatty

acids or fatty acid esters from vegetable fats.

-



space velocity tends to be nore advantageous for the reactions.
However, if the liquid hourly space velocity is |lower than the | ower
limt, an enornous plant investnent for construction of a reactor
with an extrenely large volune may be required. If the liquid hourly
space velocity exceeds the upper limt, the reaction tends to proceed
insufficiently. [0024] The reaction tenperature can be arbitrarily

adj usted so as to obtain the intended deconposition rate of the heavy
fraction of the feedstock or the intended fraction yield. The average
tenperature in the whole reactor is set to generally from 150 to
4802C, preferabl yrhr oane200ecben4009CenBne , prefeerrahliy fafornn260 t o
3602C. If the reaction tenperature is |ower than 1502C, the reaction
woul d not proceedcsubbuoidehtbyngl & thegieaetidn $enperatearen exiceeds
4802C, excessive deconposition wuld proceed and the yield of the
liquid product woOKHIBE FeabeesinPObRSPIFe réaraloPsP R hydr ot r eat i ng

is a catalyst conprisin or ous i_nor.gani ¢ qxi de conpri.si two or
nmore types of elgﬁﬁﬁFglgggegPea FréﬁFQ%GﬁF%uﬁf SHGIEFTP A %&bniunl
boron, titaniuma esi u d_on r re t f t

sel ected fron1th§g5?%88 %3n§?§?iﬁ§ OPQthg%}Sh%E%% ggﬁggb%gfenents

of the periodic tgbleensuBponbed bheneer., QU20lLhe SUpRYr tof the
hydrotreati ng catal yst is a porous inorganic oxide containing two or

nore el ements sel seredntr by abum BeMmosiel.i con, zirconi um boron
titani um and magnesium The support is generally an

al um na-cont &P AL fg por ddsernetgarile - oxihge f cedamylads mefy divherher
conponents constituting the support include silica, titania,

zirconia, boria affnkagResdi AStTRE8BpPErEd aFreérlamnp a Sohpisi t e
oxi de cont ai ni ng algnina and gt Iegst one_or nnrg conponent s sel ected
fromthe other coh§tfPafPn§ ¥6fp8aeént s**HHB&EpBor t fay furt her
cont ai n phosphorus_i |t o] se.Go LS. t |, cont ent
of the conponentsggk 8?g9hahggﬁgnF%§%iglgrg?gga%ﬁ? P O%quﬁgnfg

percent by mass, gptgePbefieiabhua? FQal3:iReCeHodMmebs: | the
total content is |less than 1 percent by mass, the resulting catal yst

fails to obtain aasuwbtpbeent oat abyuuaé sukftade iargea rawed toius amul d be
reduced in activity. If the total content is nore than 20 percent by
mass, the acidic prapeirnesropdrhedstipporwharesctéressed,.cipassi bly
| eading to a reduction_in activity caused by the ,
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 ocil
produced by refining crude ocil may be a compound
originating from chemical products or a synthetic
0il produced through a Fischer—Tropsch reaction.

No particular limitation is imposed on the

content ratio of the petroleum-based base o1l



formati on of coke. \Wen phosphorus is contained as a support
constituting conponent, the content of phosphorus is froml to 5
percent by mass, nore preferably from2 to 3.5 percent by nmass in
terms of oxide. [0027]No particular limtation is inposed on the raw
materials that are precursors of silica, titania, zirconia,

bori aandmagnesi a that are the support constituting conponents ot her
than alum na. Therefore, a solution containing silicon, titanium
zirconium boron or magnesiumis generally used. For silicon, silicic
acid, sodiumsilicate, and silica sol may be used. For titanium
titani um sul f ate, pkbharieunb{ atd Bahl-of kéadcandl yard eus abkextedexksalts
may be used. For zirconium zirconium sulfate and various al koxi de
salts may be usedHolerelhor ahe rertiico da ¢ mefe e lus ed-o-or0 nagesi um
magnesium nitrate may be used. For phosphorus, phosphoric acid and

al kali netal saltgerhendobynaylbeeusere [WO023]FHel y dwamt3ér ical 80 of

t hese support constituting conponents other than alum na are
preferably added Bfr&RPEsPAg& Pt ™G to cal ci nation of the support.
For exanpl e, aw mat eri al s be.added t.o_an al um num aguepus

sol ut o' i CROZPE Y halor Brfsa STee. AAmarai: el Ay APGRPaE GaI Che
containing these gURRQALL -GORSLILLU RY LHUYRINRH oo dBY PEs@dded to
a prepared al um num hydroxi de gel.” Al'ternatively, the raw naterial s
may be added at acshepi@kakneadinrg @ daotdeie Oficwatelr ,0rs park iaGidd
aqueous solution and a conmmercially avail able alum na internediate or
boehmi te powder. PBxefenals| ynclhése wiupiptyt déensdtfiitdet, i ngleenpdhéat s
are contained in an al um num hydroxi de gel during the process of
preparation theredhioAlt kddghheme mbei@ntdmadbf®i 1i ng advant ageous
effects attained by addition of these support constitutin conBonents
ot her than aIunin31ﬁ§§zﬁ6918€€ﬁn&'uépgaﬁég}VFFlW§sa§§ﬁﬁ§8 that “Ehese

conponents forma %gggggéOgﬁgq%is%a%%5é§¥§regnvg§£1gqulnum It is
thus presumed thaf thi's incréase the surface area of the support and

cause some interaghieR iWeldh ithe 1RCTH M STRIA! Shayf NES €DYs Bl yi &g
influences to the activity of the catalyst. [0029] The catal yst for

hydrotreati ng contampsuala beashieperseiBkwopseherabt ypéwe fothepee
netal s selected fromthe Goups 6A and 8 netals of the periodic
tabl e, as an acti vempetualds .Exadpkesasfivedeh retalts olrgirude Co- Mo,
Ni -Mp, Ni-Co-MO and Ni-W Upon hydrotreating, these netals are

hydrocarbon fracdtion containing sulfur may be
used as the sulfur-containing hydrocarbon
compound.

[0021] The sulfur content of the feedstock is
preferably 1 te 50 ppm by mass, 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. 1If the sulfur content in
terms of sulfur is less than 1 ppm by mass, it tends
to be difficult to maintain stable deoxidization

activity. If the sulfur content is in excess of

-10-



converted to be in the formof sulfides before being used. [0030] The
total supported anount of the active netals, for exanple, Wand No is
preferably from12 to 35 percent by mass, nore preferably from15 to
30 percent by nass, in ternms of oxide, of the catalyst mass. |If the
amount is less than 12 percent by nmass, the catalytic activity would
be reduced because the nunber of active sites is reduced. If the
anount is nore than the upper limt, the netals fail to disperse
effectively, possibly leading to a reduction in catalytic activity.
The total supported anmount of Co and N is preferably from1.5 to 10
percent by mass, BOrgpfrsienadty tromn 2l £or & peteetta byoNess, thd
ternms of oxide, of the catalyst nass. If the anmount is less than 1.5
percent by nass, aigbftfdzs emthagtcal dhyting effiecte€aningtpecess
attai ned, possibly leading to a reduction in catalytic activity. If
the amount is noréithaRe106npEREERE -byF WEERS PRESHeFRPS fail to

di sperse effectively, possibly |l eading to_a reductioon in catalytic
activity. [0031] l\ByééP?F%aPSF Pilﬁn' &t gdﬁ’r‘*i% itr?pg%eed“&ﬁetaﬁeedrmlt od of
supporting the acti tal.s on y..of __the.above-descr

hydr ot reati ng cat%k%ng.c %ﬁ%‘Sggﬁj3H§W83§9é%'Y%%%%ﬁﬁggﬁggtf%?e
produci ng a usual cdgguktydZphi-9RicatabydeBye Be £oRLAKEMD hod
is preferably enployed in which a support is inpregnated with a

sol uti on cont ai ni wgesal i ssafsddenackifve .NeraksuiMdrebatieviel ysedn

equi i brium adsorption nethod, pore-filling method, or
i nci pi ent - wet nesshaethodiems d sohprefsr abhyensed sEdIf uaxaepd ered he
pore-filling method is a nethod in which the pore volune of a support

is measured in advBn2ecoafi@reRetiitRe’ S8phot 141 ' Paprephatetonith the

sane volunme of a netal salt solution. There. is no particul.ar
restriction on th%u%gPﬁ08°8F9P§ﬁr86n§?ﬁn&efﬁgdsgﬁﬁp 1REG H

sol ution. TherefoggTMggx guitable nethod nmay be used depending on the
anount of the netalst Be'supported and physical properties of the

support. [00B2pThe reagharsfoeuhydbatheat hhohP@Yober8hnacdiysch bed
node. That is, supply of hydrogen to the feedstock nay be carried out

in the form of coubheaihkawiortiparddad tddliowayAbleenhaktvel yh cloeint er
flow and parallel flow nmay be combined in a plurality of reactors.
The supply node ofxvhenfeedsedvknios hydmercalkioprdewmefdumd Gas-1iquid

originating from an animal or wvegetable 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
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cocurrent flow may be enployed. Furthernore, a single reactor is used
alone or a plurality of reactors may be used in conbination. A single
reactor with the interior segnented into a plurality of catal yst beds
. may al so be enployed. In the present invention, the hydrotreated oi
resulting fromhydrotreatnent in the reactor is fractionated into
predeterm ned fractions through gas-1liquid separation and
rectification. A gas-liquid separation device or any other
by- produced gas renoval device nay be installed between the plurality
of reactors or in the product recovering step in order to renove
wat er generated i Ro235QGhat &d AMoth lha niceaatdgy and ky=Predueed gas
such as carbon nonoxi de, carbon di oxi de, and hydrogen sul fide.
Exanpl es of the bynpeadiead @gssirerealingdeviscedmeclaleodd gh pressure
separators and the |ike. [0033] Hydrogen gas is generally introduced
into a first reacpoefeirabiltys undleat coadedmearsy ivwite thet e dustoeken
before or after the feedstock passes through a heating furnace,
Al ternatively, hyBF6§ENTGass idythe TaFoQbced T tédifihe t§5att3Ubet ween
the catal yst beds_or bhetween a urality _of reactors _for_the purposes
of “cont rol 11 gt hBSUEdpaPaLs, SePReTRe JEAEVer S5and FREnFARAPRETL he
hydrogen pressureooyet. ol he (ot & {eacl Oty @5 JUENo 28 PRESLOLE. :n
Hydrogen to be introduced in such a manner 1s referred to as
"quenchi ng hydrogeRe. rEhger ats @ s0f dohea spuenahimg Ky qgeds doat he
hydr ogen i ntroduced, acconpanying the feedstock is preferably from 10
to 60 percent by velhemeronehieipnef ehabkytheohydbottenSOrpescent iby
volune. The ratio of |ess than 10 percent by vol ume woul d cause a
t endency that theipedes ronggtof ake ildntBd t édiel hi ahed hsdquenecst ages
does not proceed sufficiently. The ratio in excess of 60 percent by
vol umre woul d caus@eéoFéﬁééﬁéylPh§FetﬁénﬁéaéF?6hjnéé%:%Hﬁlfnre?ngf t he
react or does not @Eocgeg sufficLﬁntlg
i 2% ol

. [0034]In the proc f
produci ng the avi &toRY FueF°B48& Tof FE6F %ﬁel%ﬂggﬁﬁF'ﬁﬁVgﬁfﬁgﬁ,tg

SpeCifLC anmount OES%OrﬁEYE!%QHQJ#rgﬁgrgglknfﬁﬁégmﬁﬂﬁaiJi%nkh@here .
feedstock to reduce the anount of heat geherated in the hydrotreating

reactor upon hydr ehkerydnggeh dihes deesstoek. cilhe aauet Dfcothe.5
recycled oil is from0.5 to 5 tines by mass of the oxygen-containing
hydr ocar bon conpoumd ,orthg Adatiudg hromlansaecealedpcvégetabie fht and
may be adj usted appropriately within this range _

range of 0.25 to 1.0 h™!, and the hydrogen/oil

ratio 1s 1n the range of 300 to 1000 NL/L.

Each of the conditions is a factor exerting

an influence on the reaction activity. For

example, i1f the hydrogen pressure and

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 mayvy be reguired. Lower ligquid hourly

12—



dependi ng on the maxi num operation tenperature in the hydrotreating
reactor. This is because on assunption that the specific heats of
both the recycled oil and the oxygen-contai ning hydrocarbon conpound
are the sane, the tenperature increase upon they are mxed at 1:1 is
hal f of that of the case where only substances originating from
animal or vegetable fats are reacted, and thus the reaction
tenperature can be sufficiently lowered if the anmount of the recycled
oil is within the above range. The recycled oil in excess of 5 tines
by mass of the oxygen-containing conmpound woul d reduce the
concentration theseate vesuotitngremdia teduchbor advarasyeviutytand
woul d increase the flowrate in piping, resulting in an increase in

| oad. Wen the cohhenreeftiibasreciieredeni| ifsthesdighad 0oBrilivmes by
mass of the oxygen-containing conmpound, a rise in_tenperature can not
be suppressed suf FPEFENYFy°CLBB35] NPT tihaR &P LRVEat L 6R1Fs Mposed

on the nethod of m xing the_feedstock and tge recycled oil. For
exanpl e, they are®iXeé anp$89§négvﬁﬁamFﬂFr Aticey"f f%cglPﬂa%?o7 of a

nydrotreating unitea@Lber BathVehy e e faey 6ed O ik i M oduced

at a prior stage of the reactor when t edstock 1s 1 ntroduced

thereinto. Furtheteglteenatiyelynet DeyuBYnberhot kgdueedeiiblq tiyhe
spaced between a plurality of reactors connected in series or between

t he catal yst | ayeesctedredhby ugpeirdiligitthe tat aleypsit ilaayarerids a«si ngl e
reactor. Preferably, the recycled oil contains a portion of a
hydrotreated oi|l Predaeddibypuliydcdtenddti-ng the feedstock and then
renovi ng by-Products such as water, carbon nonoxi de, carbon dioxi de,
and hydrogen!$2ftide. Elfthetrbte? TP TRYILE3E Peireteradr ity
contains a portion_of roduct produced by.i saneri zj each of a
light fraction, aaﬁ?aaﬁgnggc Fo%? 5% % é5§33$§5%¥$%ﬁ, fractionated

fromthe hydrotreatedngbki@hiod PALLl OR Phenlidd! £-£L8ELL00s the

fractionated froma product produced by i1sonerizing the hydrotreated

oil. [0036] The hydeehkeatkngrused iiAtlh@clr €s@Rition yield. The
average temperature in the whole reactor is set
to generally from 150 to 4802C, preferably from
200 to 4002C, more preferably from 260 to 3602C.
If the reaction temperature is lower than 150¢C,
the reaction would not proceed sufficiently. If
the reaction temperature exceeds 4802C, excessive
decomposition would proceed and the vield of the
liguid 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 from
aluminum, silicon, zirconium, boron, titanium and

magnesium and one or more types of metals selected
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invention may further contain a step of isonerizing the hydrotreated
oi | produced through the above-described hydrotreating step. [0037]
The sul fur content of the hydrotreated oil that is a feedstock of
isonerization is preferably 1 ppm by mass or |ess, nore preferably
0.5 ppmby nass. A sulfur content of greater than 1 ppm by nass
woul d possi bly prevent the progress of hdyroi sonerization.
Additionally, for the sane reason, the sulfur content of a reaction
gas contai ni ng hydrogen to be introduced together with the
hydrotreated oil is necessarily low sufficiently and preferably 1 ppm
by vol une or | essgronrenpr&f €t yn i St ppgn oy viad eieuels kasand[ §038]
The isonerization treatnent is carried out in the presence of

hydr ogen pref er abkyemrdes odndihel ees iwlkdre tadid chy druagen: tpréssure i s
from2 to 13 MPa, the liquid hourly space velocity is from0.1 to 3.0
h-1, and the hydr 8§8&%F6PI- ratio is from250 to 1500 NL/L, nore

preferably under conditions where the hydrogen pressure is from2.5
Lo 10 nPa, thEOPPdui d RBGrTYPRECE VEPBEY T & THomDCS a2 0 he 1,

and the hydrogen/ _oil ratio_i LO 0 . , re_p. rably
under conditions ﬁhgﬁéa?ﬁelﬁ§§?%6é%]%?gg%ufégggly#%h1gago§§ ﬁé%? t he
liquid hourly spagee¥ehegi t¥1le$ t0mMmd 1Qmk.Airh- o1 1@and.4 he
hydrogen/oil ratio is from 350 to 1000 NL/L. Each of the
conditions is a factebnexert bagoan itAfdawEnce M trheytaaicin ON The
activity. For exanple, if the hydrogen pressure and hydrogen/oil
rati o are | ess thanpbhetl onwernkeirpillly,an hé uméaet-icpntty indndspevoreduce,
and the activity tends to reduce rapidly. If the hydrogen pressure
and hydrogen/oi | EaPrgagicelditive ugﬁéPPFPﬁiP§,OéﬁeénSPﬁ@ﬁ§ﬁﬂ9ﬁn
investnent for a conpressor. na be re%uired. g%men Ligyid.hourly

FOF St e ’

space vel ocity tefid2Std “Bs RS & agVRRCAJetus attFohs?
However, if the |EggkgnqurB%ri%@%%d¥%é§ﬂéé&é§ buer, than (t he | ower

limt, an enornous plant i'nvestnent for construction of "a reactor

with an extrenel ypharge avohURECBRYobetEegli hedeohfat REnki Qubdihaurly
space velocity exceeds the upper limt, the reaction tends to proceed

insufficiently. [@039 THe:a=cacehieoar traripe fcatmirot «cars be lachielr arbhy
adjusted so as to obtain the intended deconposition rate of the heavy
fraction of the f&ddsrobkroronhéirnténdedofipaceinsn yi €hd. sTheort

reaction tenperature is preferably from 150 to 3802C, npre preferably
from 240 to 380C, MA¥r & UBIr&rEr SO FPoMEBP Y 5@ 4994 HeP? et i on

tenperature is |lower than_150C, .the action.woul d not prqceed
sufficiently. If ?ﬁ&sFeﬁgFPgﬁePéﬁﬁer%gﬁréog%%eg §%§§328& %%fbssive

cracking or other -3idg8n k82t LPAS  VOL H PIACERH 1 PBSERKYLIY £rom

1l to 20 percent by mass, more preferably 2 to 15
percent bymass. If the total content ig less than
1 percent by mass, the resulting catalyst fails
to obtain a sufficient catalytic surface area and
thus would be reduced in activity. If the total
content 1s more than 20 percent by mass, the acidic
properties of the support are inéreased, possibly

leading to a reduction in activity caused by the
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resulting in a reduction in the liquid product yield. [0040] The
catal yst for isonmerization is a catalyst conprising a porous

i norgani ¢ oxi de conprising a substance selected from al um num
silicon, zirconium boron, titanium magnesium and zeolite and one
or nore types of netals selected fromthe group consisting of the

G oup 8 elenents of the periodic table, supported thereon

Exanpl es of the porous inorganic oxide used as the support of the
catal yst for isonerization include alumna, titania, zirconia,boria,
silica, and zeolite. In the present invention, the support is
preferably conposedrattabuntfac@ne. atvHeeaphoeplotryipeiset €ct £héd om
titania, zirconia, boria, silica, and zeolite. No particular
limtation is inpased sorrrdret wensdd toft ipriodeoprgenlie shpporntent
Therefore, there may be enployed any nethod using raw materials in
the formof sols 6f BP$PRoOFPOUTISTeach (CoRIRE T YL HYym8F St Heore

el enments. Alternatively, the_support be prepared by formng a
Compl ex_ oxi de or RGBEGXPHGYSTERN oo "<t TSP ST hapY SPFEchnst FUOR a,
al um na titania, gklgﬁgd%itania, and al um na boria and then addi ng at
any step alumna in the formof alumna gel, a hydroxide, or a
suitabl e sol ugpon; Al URbNBacaRcheacONtakRadibA aBYiREhceAt g kO

ot her oxides on the basis of the porous support. However, the content
of alum na is pretewahbye2Qaper canat By eMas2 carrslcdss,o fiMayia ipyef er abl y
60 percent by mass or less, nore preferably 40 percent by mass or

| ess, and preferabliyat@apericesnnby, iass aorndrppeneroret iprefagrabhy 20
percent by mass or nore, of the support mass. [0041] Zeolite is a
crystal line al uni ABPBPF{Fc&P85 CEXApINEs COMPORENGSy 519G ' & ruct ure
i nclude faujasite entasil, and_nordenite. These zegILtes may be

those Ul tras ot abi FoBA By a" BpEEFPFE h§dr BT REFREI “PPERCMERE and/ or
acid treatnment Orsgbgégnwh9§€aﬁlgﬂlrEHf%HHfﬂH,Iﬁ%ron 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.
[00281] The raw materials of these support
constituting components other than alumina are
preferably added at any stage prior to calcination
of the support. For example, the raw materials

may be added to an aluminum agueous solution which
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adjusted. Preferred zeolites are those of faujasite and nordenite
types, and 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 mcro porous structure peculiar
thereto, so-called mcro pores of 20 A or smaller and also newy
formed pores in the range of 20 to 100 A. The hydrot hermal treatnent
may be carried out under known conditions. [0042] The active netal of
the catal yst for isonerization is one or nore netals selected from
the group consisting of the Goup 8 el enents of the periodic table.
Anong these netal s thenacbirwedrginalo ias priefrdmahl yhyoheorderof€l net al s
selected fromPd, Pt, Rh, Ir, Au, and Ni and nore preferably a

conbi nati on thereobntPisfiagabhesemviinratti gasstathtdagPdePronPdt sy,
Pd-Rh, Pd-Au, Pd-Ni, Pt-Rh, Pt-Ir, Pt-Au, Pt-Ni, Rh-1t, Rh-Au, Rh-Ni,
Ir-Au, Ir-Ni, Au- R, °Pd-1Pt -Fefepd.pe. PFepéﬁ&dPﬁiPﬁlum lms%omde
preferabl e conbi nat llons }Dncl ude, Pd- Pt , Pt-Ni,, Pd-1r, b - Rh,
Pt-1r, Rh-1r, Pd- ﬁ’F ePPaNt VeAKd B ePF‘E‘iWr naESriRds Me 0O

pref erabl e exarrpl C ,

Pd-Pt-N, and Pd rggtjdaof%fcg%t gﬁ%n? lexglgﬁ% ve Ee%ttghsf IS
preferably from Oaila 'Faglé RehEeRls R IMBSHn e Prefmiablyafrem 0.2 to
1.5 percent by nass, nore preferably fromO0.5 to 1.3 percent by nass
in ternms of netal aeaithelkasimDia tihe ctaledliyste 6B S®.ehindi ttchpotatal
content is less than 0.1 percent by nmass, the catalytic activity

woul d be reduced Beedasebile Mmindser sofereott viorsittidgitiiong educed. | f
the total content is nore than 2 percent by mass, the netals fail to
di sperse effecti véP?‘POBS§§iSbEFJ9e at%qﬁji i-ft adhallﬁg‘&PPF“c]i%ﬂfoﬁéfiél ytic

act t 0044] No art (o4 Iar limtation on the method of
suplp\(;lrt?/ng[the LCFI e H‘Igfélgs 5‘# &y € o%‘sst I‘?iafsé’é't &VV‘S tl?rb fite ST

i someri zati on. Thﬁﬁ%k%h%h %ﬂ% 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
increase the surface area of the support and cause
some interaction with the active metals, thereby
giving influences to the activity of the catalyst.
[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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conventional nethod for producing a usual desulfurization catalyst
may be enployed. A nethod is preferably enployed in which a support
is inpregnated with a solution containing salts of the active netals.
Al ternatively, an equilibriumadsorption nethod, pore-filling method,
or incipient-wetness nethod is also preferably used. For exanple, the
pore-filling method is a nethod in which the pore volune of a support
is measured in advance, and then the support is inpregnated with the
same volume of a netal salt solution. No particular limtation is
i nposed on the nmethod of inpregnating the support with a sol ution.
Therefore, any sutbabketsat hodbeay nbe hes &d rthependiuig idk < e fasmunt  of
the nmetals to be supported and physical properties of the support.
[ 0045] The i soneri katnonuesatial yst used in the present invention is
preferably used after the active netal (s) contained therein has been
subj ected tol@0FRHuct i BRet FRaLARRUPBEOFGRE FICUNT (e HhP tafd r'eact i on.
No particul ar Iinitathgn LS i nposed on_ the condition

we

f h
ta BF  StHEP bt i@kt %E)pﬁ?ge’F%%ﬁ%e’ng

reduction treat nefif!
bei ng subjected t r-eat t_at,a tenmperature_of 2 t0.4009
preferably 240 togégaéé%ﬁﬁgggeﬁ%d?%d%WQ%UFFgﬁiPrFFef%%lFéaﬁgFi%%
temperature is |owersgham 2002Gy educt i;on c@f-rishg ragkiMe, et adné )
may not proceed sufficiently, and thus the resulting catal yst may not
exhi bit hydrodeoxtdtzays@nmasshydr oi speEEhZahiOnsatkiyi tYanl i 2t he
reduction tenperature is higher than 4002C, aggl oneration of the
active netal (s) preteeds Bndrdsus tdiarickarlly thilreapgsulitvngoecafaby st
may not exhibit the activities. [0046] The reactor for isonerization
may be of a fixed*BEHCRBIESCTHER t&e Suppey 6Ff MrFioGe® ittes He
feedstock may be carried out_in the form of countg&ﬁflogéor aral |l el

flow. AIternativeF§§u888nte¥ffF%ﬁ/%ﬂauﬁgréFIQPrFl RayBE ¥8BRGFned in
| it f - . f i d j
s ol o vesthogs e, sunel v Tode ol LI PTgient Loy

generally down fl cocurrent ow rmay be e
Furthernore, a sipgkeibheactahaksgusedaahQRR c@liod Riuraldatiy fc
reactors may be used in conbination. A single reactor with the
interior segnentedcthtvatg.plohal téyadf seppalyst bedsntayt at s oabe
enpl oyed. [0047] Hydrogen gas is generally introduced into a first
reactor via its iHliets meebepanyy nramd freddsfi@ckerbehoreyvorasst er

the feedstock passes )
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.

fO0031} No particular limitation is imposed on the

method of supporting the active metals on any of
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t hrough a heating furnace. Alternatively, hydrogen gas may be

i ntroduced fromthe spaces between the catal yst beds or between a
plurality of reactors for the purposes of controlling the tenperature
in the reactors and nmintai ning the hydrogen pressure over the whole
reactors. Hydrogen to be introduced in such a manner is referred to
as "quenchi ng hydrogen”. The ratio of the quenching hydrogen to the
hydr ogen i ntroduced, acconpanying the feedstock is preferably from 10
to 60 percent by volune, nore preferably from 15 to 50 percent by

vol une. The ratio of less than 10 percent by volune woul d cause a
tendency that thetheagbbor -l slc@aGdOmy&idRs ddt dhe sabhsppuent stages
does not proceed sufficiently. The ratio in excess of 60 percent by
vol une woul d causeharkeépdencyny haintdet ¥ @acl gt nenifotrheroaletnof t he
react or does not proceed sufficiently. [0048]1f necessary, the

i sonerized oil reswsuanydefspdrivrhedtsiomerpzatveln may PMeecfpaey£onat ed
into a plurality of fractions in a rectification tower. For exanple,
the isonerized oi P My Ye iFrREEferRaPeY SRR itght R FAG FBRPSHEN as

gas and naphtha fraction, a nigdle Lractigntsuch as ggrogeng ?Ed gas
oi | fractions, andSaRBAVY"FFS§ tﬁéﬁ sfich® %_%agiau%%. PR7PhP8 case,
the cut tenperatupe between sthe ldghts frastion.andthe niddl e
fraction is preferably from 100 to 2002C, nore preferably from 120 to

180 o 200C, nore pgaferabliyinf Hemck} it OG- pef erabhy from
130 to 1502C. The cut tenperature between the mddle fraction and the
heavy fraction i smpreber,ablry ifrcdmi2b( twe 360 marteodried exbdbdy from
250 to 3202C, nore preferably from 250 to 300C, nore preferably from
250 to 280C. Suchracffeghblhydredar bBarf euetb oA t Als generAitdingy be
partially reformed in a steamreform ng unit thereey producin%
hydr ogen. Hydr ogeRethas pFodutetrfast afbioi fétft PaF cHardcteritsti cs
and t hus can reduce envkronnent Ioa%ﬁbecaqﬁp Hﬂ? tﬁ§95§§§§ u§§d in
the steam reforni RGPFPSTE BiroMass 615 gi nating Hydr Gear bon. The: ni ddl e
fraction producedghy %&%C&gomﬁf_e?nshsdlﬁpaﬁrﬁg@dsaq[_\g AR RE ULt abl y
used as an avi ation Fuel base oil. [0049] The aviation fuel base oi

of the present inwemkiioranky sha wsed al eneras ian navipaidarediued but
may be m xed with an aviation fuel base oil produced by refining
crude oil in the fesmrdfltdmwnawnattihen rfeidlod onfposity oma Eanptles of
the aviation fuel base oil produced by refining crude oil include

avi ation fuel fraétpenstprbeucedolnidagh alyenefarepaoFBURAPERI ni ng
process and a synthetic fuel base oil produced throu

h h
Fi scher- Tropsch r@&EPPSanV:?%é“??%gegﬁFﬁdn§yﬁPh%??égﬁﬁ§”b8ﬁp5§§d of

hydrogen and Carb%@tals to be supported and physical properties of

the support.

[6032] The reactor for hydrotreating may ke of a
fixed bed mede. 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-liguid
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nonoxi de. This synthetic fuel base oil is characterized in that does
not contain alnost no aromatic but contains a saturated hydrocarbon
as the mai n conponent and has a hi gh snoke point. No particular
limtation is inposed on the nethod of producing the synthetic gas.
Any conventional nethod may be used. Exanpl es [0050] The present
invention will be described in nore details with reference to the
follow ng exanples but is not limted thereto. [0051] (Preparation of
Cat al yst) <Catal yst A> To 3000 g of a 5 nass% sodi um

al um nat e aqueous sol ution was added 18.0 g of sodiumsilicate No. 3.
The resulting m xtueerwastpkasRdnbit PeaeNpssebakepiuatharhenperat ure
of 652C. Separately to this, in another vessel kept at a tenperature
of 65C, a solutioainadeprepated by adeknglen@ grofa phosplidrtiyc cci d
(85% concentration) to 3000 g of a 2.5 mass% al um num sul f at e aqueous
solution. To the 58ROEPEA Way B&dededr dpwicsantimg td@ieods sdalgitd on
cont ai ni ng sodi um al um nat e produced abqve. The dropw se addition was
terninated when th&82PHCHF EHE FPRed SEFdCForf SPESAES A05° Phe
resulting slurry oduct . was_ pass through a filter. ther

produci ng a cake-gli%agllﬁyrg’/.f CataePyStrrPee%eénu t Fnaoc}éﬁee-rilﬁ%yes?mry

was transferred tepacMesgebsedyl PREALWi LR, a chQf e candenses .o and 150
m of distilled water and 10 g of a 27% ammoni a aqueous sol uti on were

added thereto, folkswedibhy beahi RgaasdrshtfhehBgiatl tRet LOPEESE LT e Of
75C for 20 hours. The resulting slurry was placed in a kneader and
kneaded whil e bei Aigaheatediked antenperdetee ndhef)ZC agrt imirgher to
renmove noi sture thereby producing a clay-like kneaded product. The
resul ti ng kneadedtpPredgbtIaswast ¥xi¢ $¢@d nakioraae gy erfer f Stmpeehavi ng
a dianmeter of 1.5 nmthroug? an extruder, dried at a tenperature of

1102C for one houf &R8 th8R*EafEPAER taf a WEEMTSr &FurfdYof® Hst2C
th b duci | ant -
ey Br ot MO SORYT oy o010 HOPL s

fl ask was pl aced t esulting no d Sup an

poured an inpregngtiQBefotubi gRLEAALRLNIRY xbhcd oF Ofo Mlyhdgnum
trioxide, 13.2 g of nickel (Il) nitrate hexahydrate, 3.9 g of
phosphoric acid (Bb%iaenceattsationg,sadd b Qrgicaf tbuléfoasiwh it |
deaerating with a rotary evaporator. After dried at a tenperature of
1202C for one hougsnehetehApiegrasediganpl @iwds tda cieved ian and
tenperature of 5502C thereby produci ng Catal yst A The physical
properties of Cat8YyB¥°AvuseE S8f PofRhe® caEhPe Momerbie, carbon

dioxide, and hydrogen sulfide. Examples of the
by-produced gas removal device include high
pressure separators and the like.

[0033] Hydrogen gas 1is generally introduced into a
first reactor via its inlet, accompanying the
feedstock, before or after the feedstock passes
through a heating furnace. Alternatively,
hydrogen gas may be introduced from the spaces
between the catalyst beds or between a plurality

of reactors for the purposes of controlling the
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<Cat al yst B> Into an eggpl ant-type flask was placed 50 g of a
commercially available silica alum na support (N632HN manuf actured by
JB&C C&C ) , and then poured an aqueous sol ution of

tetraanmm neplatinum (11) chloride while deaerating with a rotary
evaporator. The inpregnated sanple was dried at a tenperature of 110C
and then calcined at a tenperature of 3502C thereby producing

Catal yst B. The anount of platinum supported on Catalyst B was 0.5
percent by mass on the basis of the total nass of the catal yst. The
physi cal properties of Catalyst B were set forth in Table 1.

[0052] (Exanpl e 1) temperatBriceaat can tuhetbiBNehadhaiBtelin0hg20n8m)
charged with Catalyst A (100 mM) was installed countercurrently in a
fi xed bed flow typedreaethopredbereafter th€avabystrdamasrs as much
pre-sul furized for 4 hours using a straight-run gas oil (3 mass%

sul fur content) ceénataraicagldi-neigrodesuFei He, inhdeduesddini enshwhere
the catal yst | ayer average tenperature was 3002C, the hydrogen
partial pressure ®®82B2KPals tHefITRA & haar I FuspsbengelB2r Py=las

1h-1, and the hyd en/qi.l ratig was 200 .NL/L. After the
pre-sulfurization%gg Ay drét © af%ﬁ i1 3§g:§ﬁ%ﬁfQ?ﬁr%%J§€a into a
hi gh pressure sepayal-gkcdesatiBad el oweBs ALk gl Lyor eeusLed ko be
incorporated in veQgetable fat 1 having properties set forth in Table
2 (the ratio of the woaporush NaHROL @ thor 6 @lpeRIdrIeh § UGN embRet he
oxygen-cont ai ni ng hydrocarbon conpound: 98 nol % so that the anount
of the hydrotreat ededickaibd yofieont i Aetso B0 mess-arad atvi ve 2umevegehabl e
fat 1. Dinmethyl sulfide was added to the m xture to prepare a

f eedstock and to adirastof Ressutiamr l0oneenent by vYetnsegfouwid carye
thereof to be 10 ppm by mass. Thereafter, the feedstock was _
hydrot reat ed. The?f E‘éﬂé?’é‘é?{ thaf &hFeRSPEY AR A5CE TGS 0L Y0G1EAT 1and an
oxygen cont ent oft%%.S ercent b% mass. .The q¥ rotreat$§nt was

. ubseguent tages ,does roge .
carried out under ¢6nditi oS Wwhere the tenperature at_the reaction

tube inlet was 289%§fikhgn%m .ﬁgﬁﬂep£§§§8rth€EEé%§)JMP%G thecbhguid

hourly space vel ocity was and the hydrogen/oil ratio was 510

NL/ L. A hydrotreabgdy®limpreducedabychydeatiecaati figat hend eedstoek was
introduced into the high pressure separator to renove hydrogen

hydr ogen sul fi de, nearbsirediigiiede o fanth enatesrct gk pbrds omo ofptdeeced
hydrotreated oil after being introduced into the high pressure
separator was coopééfﬁéiﬁnﬁgﬁberature of 402C with cooling water and
then recycled to be mxed with the vegetable,fat 1 as descr

ed

above. The hy8P3f/ eat ed™of & PERESTNY éFﬁ&”%%%&EPF@3%&%5?%??8&uced
into a fl xed bed fbla%\g/ t%ﬁe Jeagtor 6(eISSQLrEEI’j! Fggﬂdppmjttjm%; 5%!’199 d wth
a reaction tube (inner diameter: A rn% charged with % yst to be
i somerized. amount of a recycled oil may be inccrporated in

the feedstock to reduce the amount of heat

generated in the hydrotreating reactor upon

hyvdrotreating of the feedstock. The amount of

the recycled o0il is from 0.5 to 5 times by mass

of the oxygen-centaining hydrocarbon compound

originating from an animal or vegetable fat and

may be adjusted appropriately within this range
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Bef ore isonerization, Catalyst B was reduced for 6 hours under
conditions where the catal yst | ayer average tenperature was 320C, the
hydr ogen pressure was 5 MPa, and the hydrogen gas flow rate was 83
m/mn. Thereafter, isonerization was carried out under conditions
where the catal yst |ayer average tenperature was 3302C, the hydrogen
pressure was 3 MPa, the liquid hourly space velocity was 1h-1, and
the hydrogen/oil ratio was 500 NL/L. The isonerized oil was directed
to arectification tower and then fractionally distilled into a |ight
fraction having a boiling range of |ower than 1402C, a m ddle
fraction of 140 tQ@e28QGingnsh ankeayyifiiaGdn fohighgkrhRar 2802C.
The m ddl e fraction was used as an aviation fuel base oil. The
hydrotreati ng condhti apgrandethenpr @pertioes offhtibeikedbukhiurg awi ati on
fuel base oil are set forth in Tables 3 and 4, respectively.

[ 0053] (Exanpl e 2)assumptiopygdhetr ddenemecand d dopdrs zelt itort nertee
carried out in the same manner as that of Exanple 1 except that the

f eedst ock cont ai nEBCBO1EEr €t 2By FHICUREYSR e GPEtHe0I"ed® based base

oi |l having properiies set forth in Table 2 and the hydrogen pressure
for the hydrotreaf VAP SREE®S FEADOERGr 8By §rsddcriy ofavi ation fue

base Of | he pet £ohpum.based; Hase 0Ll ,baaDEnEONL ALNAA L Lhe, .2

feedstock was a straig run kerosene fraction” produce

fractional ly distiklhfgsad racki 68 PO WBY rbr sat yNguwE tiglec @1 i n
an atnospheric distillation unit wwthin a boiling range of 140 to
2702C. The hydrot veatingtéandiftribonanamd 1t e pregperdttles faftd here
resulting aviation fuel base oil are set forth in Tables 3 and 4,
respectively. [0084fCERdnpr=d Ihus the readsyii on rieathrt uwrRican be

i sonerization were carried out_in the sane manner as that of Exanple
1 except that vegBtabFERALLY LUMETITHed T PRE VPSS EHEK §@%° tPANnged
to vegetable fat 2,.and for than%drotreatin%, tgﬁereacti ub

. il 1 %?1 ﬁ?ove ran . rec 9%?}01
inl et tenperat ure®Was” 3602C, " T he"hyd"ogen *pressur € was 19" MPaS* and
the liquid hourly;gspagecuel Q¢ tsfy Wae0n3 hals e dpdrotreating

conditions and the properties of the reSulting aviation fuel base oi

are set forth in Jabbes-3oandidingespegbuva You10055dame 4)
concentration thereof, resulting in a reductiocn
in reactivity and would increase the flow rate in
piping, resulting in an increase in load. When
the content of the recycled o0il is less 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
0il. For example, they are mixed in advance and
introduced into a reactor of a hydrotreating unit.

Alternatively, the recvcled oil may be introduced
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An avi ation fuel base oil as set forth in Table 4 was prepared by
bl endi ng 50 percent by volunme of the aviation fuel base oil produced
in Exanple 1 and 50 percent by volunme of an aviation fuel base oi
havi ng properties set forth in Table 2 produced by hydrodesul furi zing
a fraction fractionated a fraction produced by treating crude oil an
atnospheric distillation unit, within a boiling point of 140 to 270C
[ 0056] (General properties of feedstock and aviation fuel base oil and
avi ation fuel) The general properties of the feedstock and
aviation fuel base oil set forth in Tables 2 and 4 refer to val ues

measured by the followng MBLAGESf the reacthe HeNSihE 8teddCock
(density815C) refers to a val ue neasured in accordance with JI'S K2249

"Crude Ol and Petko et i od ctherateran naureheef a Deashi yiaady,
petrol eum nmeasur enent tables based on reference tenperature(15C)".
The ki nemati c vi stbsit gaat bS0Q: toro GO rigfter §-htep spayaldubenwasared in
accordance with JI'S K2283 "Crude O | and Petrol eum Product s- Test

Met hods for Ki net Péuyrddssi ©of ém&qﬁ%ﬁﬁxﬂq%PQQRﬁ§<%Eﬂ%ﬁﬂ%ﬁﬁ(ﬁf

Met hod". El enent al. anal ysi s C mass% and Qggp er to

val ues each deter ﬁeﬁé’ﬁeﬁytlée Bt Rod Sdet %%Hsb%’ b Qfmﬁ 5 dard

Test Met hods for I@ﬁﬁ d ?Equ ermnaf dfg‘égaéé&Pon Hydr ogen and
ro uc

Ni trogen in PetroFeun1 sand Cubricants The oxygen
content refers to a vabq%fgggguqugmée&ggy&pgisyph asniDP6495; 74

"Total Oxygen in Organic Materials by Pyrolysis-Gas Chronmat ographic

Techni que". 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 cil preferably contains
a portion of a product produced by isomerizing
each of a light fraction, a middle fraction, and
a heavy fraction, fractionated from the
hydrotreated oil or a portion of a middle fraction
fractionated from a product produced by
isomerizing the hydrotreated oil.

[0036] The hydrotreating used in the present
invention may further contain a step of
iscmerizing the hydrotreated oil produced through
the above-described hydrectreating step.

[0037] The sulfur content of the hydrotreated oil

that is a feedstock of iscomerization is preferably

1 ppm by mass or less, more preferably 0.5 ppm by
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The sul fur content refers to a value neasured in accordance with JIS
1(2541 " Crude O and Petrol eum Product s-Determ nati on of sulfur

content". The acid value refers to a value neasured in
accordance with JI'S 1(2501 "Petrol eum Products and Lubricating Gls
Test Method for Neutralization Nunber”. The conposition ratio

of fatty acid groups in aninmal or vegetable fat refers to a val ue
determ ned in accordance with the above-descri bed Standard Met hods
for the Analysis of Fats, Gls and Related Materials (established by
Japan G| Chem sts' Society) (1993) "2.4.21.3-77 Fatty Acid

Composi tion (FID hmesper at us €1 R gfaximed: Gas Caamt egraph Mhhed) .
The flash point refers to a value determ ned in accordance with JI'S
K2265 Crude QG| amdssPebrdlepmsRibduc rsebener mhrattaymwfs S |aSh

poi nt-Tag C osed Cup Method". _ The distillation characteristics
refer to val ues nB8¥aPedoMrracasid@@ncerMLR1gN81KI2550rPehe of @en
product s-Determ nation of distillation characteristics”. The

aromatic content FEREPE-t&RE FALGETMERSTFES i9F &cdFd: I Wath JI's

1(2536 "Liquid petroleum. products-Testing nethod of c onent s
(Fl uorescent | ndi EgPo?lﬁéggr %F%gﬁgﬁélt (KSd)**. lnh:md% dgrq)oo%egi%earci d

value refers to a,yahuenEEASULEM riel rRCECQRLAANGE [ X sHrS 122 oy

"Determ nation of the Total Acid Val ue". The freezing point
refers to a val uestieasuiedtily agEOpARTEe adillyh 1J D2 46 vdleined réhat i on
of the freezing point of aviation fuels". The snoke poi nt

refers to a val ueltgerasunedeimratenaldance. wWrddn IPvSvK2E582 bPeltess eum
product s- Kerosene and avi ati on turbine fuel s-Determ nati on of snoke
poi nt". [00FB& t heFR&l 1SPRBFEERY 1ref 6FSaEBeRtVAPURAHEASAr@dti n

accordance with JIS 1(2276 "Determ_nation of thermal _oxidatjon

stability of gas tlrbfRePfGEFECTEPST K& MELITIE “A P e tHStE B .

conditions where the hydrogen pressure is from 2
to 13 MPa, the liguid hourly space velocity is from
0.1 to 3.0 h™!, and the hyvdrogen/oil ratio is from
250 to 1500 NL/L, more preferably under conditions
where the hydrogen pressure is from 2.5 to 10 MPa,
the liguid hourly space velocity is from 0.5 to
2.0 h'!, and the hydrogen/ o0il ratio is from 380
to 1200 NL/L, more preferably under conditions
where the hydrogen pressure is from 3 to 8 MPa,
the liguid 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 conditions is a factor exerting
an influence on the reaction activity. For

example, if the hydrogen pressure and
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[ 0057] (Life cycle characteristics) The life cycle
characteristics (life cycle 002 cal culation) described in the present
Exanpl e were cal cul ated by the foll ow ng nethod. Life cycle
CO2 was calculated as the CO2 generated fromoil-well drilling in the
fuel production to punping to an airplane fuel tank. The CO2
generated fromoil-well drilling to punping to an airplane fuel tank
(hereinafter referred to as "Wll to Tank CO2") was cal cul ated as the
total CO2 em ssions during a sequence starting fromthe drilling of
material and crude oil resources, through transportation, processing,

and delivery, to RQUARLRERYQ 8N £t1pPhabe]l Ssd Utlnt @k 1okl cahcutation
of "Well to Tank " the calculation was carried out in

consi deration of the fasboinvdiexisedgenenatedduanagthbead ol duwyng
(1B) to (5B) events. Data required for the cal culation was the oil
refinery operatiohepésf bpnardeceatrerpddsesséd byet hedirngent ors of the
present invention. [0058] (1B) Carbon di oxi de em ssi ons acconpani ed
with the use of fa&rsEsrevarf il otesesthdde\q c&SadPEcFPPET es

such as boilers (2B) ,Carbon di oxi de em_ssions acco nied wth
reformng reacti oﬁl%“ﬁ €5 h{8r 6§60 BPSd &R &é\ﬁec,setrflr% a %o

t'ocessi ng

usi ng hydrogen I QX em ssj ageqnpanied with
regeneration of acggf)gfe%_gt@ri@%ggﬁ%gggs%?dng ingggp?fgg gut t}jc"lrgugh a
devi ce such as a ¢ghakybbgobtagkifgadand GR hRGW LEHInEQPELAMOEST

catal yst regeneration

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
regquired. TIf the liguid hourly space velocity
exceeds the upper limit, the reaction tends to
proceed insufficiently.

[0039] The reacitlion temperature c¢an be arbitrarily
adjusted so as to obtain the intended
decompesition 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 3808C, more
preferably from 250 to 3652C. If the reaction
temperature is lower than 150°C, the reaction
would not proceed sufficiently. If the reaction.

temperature exceeds 3802C, excessive cracking or

other side reactions would proceed, possibly
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(4B) Carbon di oxi de em ssions when a gas oil conposition was produced
or shipped at Yokohama, Japan, delivered therefromto Sendai, Japan,
and punped into a vehicle there (5B) Carbon di oxi de em ssi ons
when an ani mal or vegetable fat and a conponent originating therefrom
wer e obtained from Mal aysia or regions therearound, and a gas oOi
conposition was produced in Yokohama, Japan. [0059] As apparent from
Table 4, the aviation fuel base oils prepared in accordance with
Exanples 1 to 4 using a feedstock originating froman ani mal or
veget abl e fat have excellent properties as aviation fuel base oils
and are novel aviatisantfidel ihase reidus raldnerimatdne itienpel i eumdbased
fuel, which contribute to the prevention of global warmng. [ 0 0 6
0] [Table 1] Craeadbyst A C atalyst B
[0040] The catalyst for isomerization is a catalyst
comprising a porous incrganic oxide comprising a
substance selected from aluminum, silicon,
zirconium, borcon, titanium, magnesium, and
zeolite and one or more types of metals selected
from the group consisting of the Group 8 elements
of the periocdic table, supported thereon.
Examples of the porous inorganic oxide used
as the support of the catalyst for isomerization
include alumina, titania, zirconia, beria, silica,
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 a@lumina in the form of
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C ontent A 120 3 in ass% based on support mass) 91.2 100 Content S
D 2 En ass% based on support mass) 4.8 o Content P 20 5 G ass%
based on support mass) 4.0 o Content MoO 3 ElIl ass% based on
catal yst mass) Content ND En ass% based on catal yst mass) Content
Pt (in ass% based on catalyst mass) 24.0 o

alumina gel, a hydroxide, or a suitable solution.
Alumina can be contained in any percentage to
other oxides on the basis of the porcus support.
However, the content of alumina is preferably 90
percent by mass or less, more preferably 60
percent by mass or less, more preferably 40
percent by mass or less, and preferably 10 percent
by mass or more, more preferably 20 percent by mass
or more, of the support mass.

[0041] Zeolite is a crystalline alumino silicate.
Examples of the crystalline structure include
faujasite, pentésil, 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 particulariy
preferred zeolites are those of ¥ and beta types.
The zeolites of ¥ type are preferably
ultra-stabilized. The ultra-stabilized zeolite
have a micro porous structure peculiar thereto,
so-called micro pores of 20 A or smaller and also
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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2.6 0 00.5 Fore Vohme in hg) 0.75 0.47 Average Pore dhm eter

Chin) 7.0 5.2

[0042] The active metal of the catalyst for

isomerization is one or more metals selected from
the group consgisting 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 Ni and more
preferably a combination thereof. Preferable
combinations include Pd-Pt, PAd-Ir, Pd-Rh, Pd-Au,
P4d-Ni, Pt-Rh, Pt-Ir, Pt-Au, Pt-Ni, Rh-Ir, Rh-2Au,
Rh-Ni, Ir-aAu, Ir-Ni, Au-Ni, Pd-Pt-Rh, P4d-?Pt-Ir,
and Pt-Pd-Ni. Mcre preferable combkinations
include Pd-Pt, Pd-Ni, Pt-Ni, Pd-Ir, Pt-Rh, Pt-Ir,
Rh-Ixr, Pd-Pt-Rh, Pd-Pt-Ni, and P3d-Pt-Ir.
Further more preferable examples include Pd-Pt,
P3@-Ni, Pt-Ni, Pd-Ir, Pt-Ir, Pd-Pt-Ni, and

P&-Pt-TIr.

[0043] The content of the active metal(s) 1is

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
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Rath of P on V ohme deried fromPores haviig a pore diameter of 3
on or hss to T ota 1P ore Vo hme 6) by vobme) 22 39 [ 00 6 1]
[ Table 2] Vagetable Fat | (coconut oil) V egetabh Fat 2 (painoil.)
Pet babum - based Base O A virtbn Fuel Base O fi

metals fail to disperse effectively, possibly
resulting in an insufficient catalytic activity.

[0044] No particular limitation is imposed on the
method of supporting the active metals on any of
the catalysts for isomerization. Therefore, any
convenitional method for producing a usual
desulfurization catalyst mayv be employed. A
method is preferably employed in which a support
is impregnated with a scluticon 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 1is a method in which the pore volume of a
support is measured in advance, and then the
support is impregnated with the same volume of a
metal salt solution. No particular limitation is
imposed on the method of impregnating the support
with a solution. Therefore, any suitable method
may be used depending on the amount of the 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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Density at 15C (cg/nB) 900 916 792 790 K hem atic viscosity at 30C (n
m2/s) - - 1.4 1.3 Ebmental A nalysis Cin ass %

subjected to a reduction treatment before put in
use in the reaction. No particular limitation is
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°2C under hydrogen current. It the reduction
temperature is lower than 2002C, reduction of the
active metal (s) may not proceed sufficiently, and
thus the resulting catalyst may not exhibit
hydrodeoxidization or hydroisomerization
activity. If the reduction temperature is higher
than 400°C, agglomeration of the active metal{s})
proceedé 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 f£low. 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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77.0 77.3 85.2 85.0 Hgri ass % 12.0 12.0 13.3 15.0 Oxygen Content
(n ass % 11.5

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

[0047] Hydrogen gas is generally introduced into a
first reactor via its inlet, accompanying the
feedstock, before or after the feedstock passes
through a heating furnace. Alternatively,
hvdrogen 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 bhe introducedrin such a manner is
referred to as "quenching hydrogen". The ratio
of the guenching hydrogen to the hydrogen
introduced, accompanyving 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 tendency that the reaction at reaction sites in
the subsequent stages does not proceed
sufficiently. The ratio in excess ol 60 percent
by volume would cause a tendency that the reaction
neary the inlet of the reactor does noct proceed
sufficiently.

[0048] Tf necessary, the isomerized oil resulting
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10.6 <0.1 <0.1 Sulfur Content (rn ass %9 <1 <1 1.15 0.05 Acid V abe
61 gKOH g) 0.10 0.07 0.00

from the isomerization may be fractionated into
a plurality of fractions in a rectification tower.
For example, the isomerized oil may be
fractionated into a light fraction such as gas and
naphtha fraction, a middle fraction such as
kerosene and gas oil fractions, and a heavy
fraction such as residues. In this case, the cut
temperature between the light fraction and the
middle fraction is preferably from 100 to 200%2C,
more preferably from 120 to 180 o 2002C, more
preferably from 120 to 1602C, moxre preferably from
130 to 1502C. The cut temperature between the
middle fraction and the heavy fraction is
preferably from 250 to 3602C, more preferably from
250 to 3202C, more preferably from 250 to 3002C,
more preferably from 250 to 2802C. Such a light
hydrocarbon fraction thus generated may be
partially reformed in a steam reforming unit
thereby producing hydreogen. Hydrogen thus
produced has carbon neutral characteristics and
thus can reduce envircnment load because the
feedstock used in the steam reforming is a
bicomass-originating hydrocarbon. The middle
fraction produced by fractionating the isomerized

01l can be suitably used as an aviation fuel base
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0.00 Butyrh acil group C3) 0 O - - Caproic acid group CS) 0 O -

oil.

[0049] The aviation fuel base o0il 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 o¢il in the form of an
aviation fuel composition. Examples of the
aviation fuel base o0il produced by refining crude
0il include aviation fuel fractions produced
through a general petroleuﬁ refining process and
a synthetic fuel base o0il produced through a
Fischer—-Tropsch reaction or the like using
synthetic gas composed of hydrogen and carbon
monoxide. This synthetic fuel base o0il is
characterized in that does not contain almost no
aromatic but contains a saturated hydrocarbon as
the main component and has a high smoke point. No
particular limitation igs imposed on the method of
producing the synthetic gas. Any conventional
method may be used.

Examples

[00501] 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 aprylic acid group C7) 40 - - Capric acid group C9) 4 0

To 3000 g of a 5 mass% sodium aluminate
agqueous solution was added 18.0 g of sodium
silicate No. 3. The resulting mixture was placed
into a vessel kept at a temperature of 652C.
Separately to this, in another vessel kept at a
temperature of 652C, a solution was prepared by
adding 6.0 g of phosphoric acid (85%
concentration) to 3000 g of a 2.5 mass% aluminum
sulfate agqueous soclution. 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
prroducing a cake-like slurry.

The resulting cake-like slurry was
transferred to a vessel eqguipped with a reflux
condenser, and 150 ml of distilled water and 10
g of a 27% ammonia agqueous solution were added
thereto, followed by heating and stirring at a
temperature of 752C for 20 hours. The resulting
slurry was placed in a kneader and kneaded while
being heated to a temperature of 80°C or higher
to remove moisture thereby producing a clay-like

kneaded product. The resulting kneaded product

-33-



- Corn ponent Rath io ass Laurb acid group C11) 49 0 - - % of Fatty
A cil Goups h Fat (num ber of carbon atoms h fatty acil carbon chah
) Myristh acid group t 13)

was extruded into a cylinder shape having a
diameter of 1.5 mm through an extruder, dried at
a temperature of 110=2C for one hour and then
calcined at a temperature of 5502C thereby
producing a molded support.

Intec an eggplant-type flask was placed 50 g
of the resulting molded support, and also poured
an impregnation solution containing 17.3 g of
molybdenum trioxide, 23.2 gof nickel (II) nitrate
hexahydrate, 3.9 g of phosphoric acid (85%
concentration), and 4.0 g of malic acid while
‘"deaerating with a rotary evaporator. After dried
at a temperature of 120°C for one hour, the
impregnated sample was calcined at a temperature
of 5502C 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 (N632HN manufactured by JGC C&C), and then
poured an agqueous solution of tetraammineplatinum
{IT) chloride while deaerating with a rotary
evaporator. The impregnated sample was dried at

a temperature of 1102C and then calcined at a
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Pain kit acid group (Cl4) 17 9 1 44 - - - - Stearacid group (C16)
3

temperature of 3502C thereby producing Catalyst
B. The amount of platinum supported on Catalyst
B was 0.5 percent by mass on the basis of the total
mass of the catalyst. The physical properties otf
Catalyst B were set forth in Table 1.

[0052] (Example 1)

2 reaction tube (inner diameter of 20 mm)
charged 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-run gas oil (3 mass% sulfur
content) containing dimethyl disulfide, under
conditions where the catalyst 1ayer.average
temperature was 3002C, the hydrogen partial
pressure was 6 MPa, the liguid hourly space
velocity was 1h™!, and the hydrogen/oil ratio was
200 NL/L.

After the pre-sulfurization, a hydrotreated
olil 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 cil 1is one
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O hE acid group C17) 7 39 - - L hobk acid group C?) 2

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) therecf to be 10 ppm
by mass. Thereafter, the feedstock was
hydrotreated. The feedstock had a density at
152C of 0.900 g/ml and an oxygen content of 11.5
percent by mass. The hydrotreatment was carried
out under conditions where the temperature at the
reaction tube inlet was 2802C, the hydrogen
pressure was 6.0 MPa, the liguid hourly space
velocity was 1.0 h'', 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,
hyvdrogen sulfide, carbon dioxide, and water. A
portion of the hydrotreated oil after being
introduced inteo the high pressure separator was
cooled to a temperature of 402C with cooling water
and then recycled 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)
equipped with a reaction tube (inner diameter: 20

mm) charged with Catalyst B to be isomerized.
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Lhol nE acid group (C17) 00 - [ OO0 6 2] [Table 3]

Before isomerization, Cataiyst B was reduced for
6 hours under conditions where the catalyst layerx
average temperature was 3202C, the hydrogen
pressure was 5 MPa, and the hydrogen gas flow rate
was 83 ml/min. Thereafter, isomerization was
carried out under conditions where the catalyst
layer average temperature was 3302C, the hydrogen
pressure was 3 MPa, the liguid hourly space
velocity was 1 k™!, and the hydrogen/oil ratio was
500 NL/L. The isomerized oil was directed to a
rectificaticon tower and then fractionally
distilled into a light fraction having a boiling
range of lower than 140°C, a middle fraction of
140 to 280°C, and a heavy fraction of higher than
2802C. The middle fraction was used as an
aviation fuel base oil. The hydrotreating
conditions and the properties of the resulting
aviation fuel base 0il are set forth in Tables 3

and 4, respectively.

{0053] {Example 2)

Hydrotreatment and isomerization were
carried out in the same manner as that of Example
1l except that the feedstock contained 50 percent
by volume of a petroleum-based base oil having

properties set forth in Table 2 and the hydrogen
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Examp b 1 Examp le 2 Exam pb 3 Recycled Amounttin es by mass 1 1
1 R eactbn Tem peratureC (Tern peratne at Reactim Tube Lint) 280

pressure for the hydrotreatment was 3 MPa, thereby
producing an aviation fuel base o0il. The

petroleum-based base o0il to be contained in the
feedstock was a straight-run kerosene fraction
produced by fractionally distilling a fraction
produced by treating crude o0il in an atmospheric
distillation unit within a boiling range of 140
to 2702C. The hydrotreating conditions and the
properties of the resulting aviation fuel base o0il
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 fqr
the hydrotreating, the reaction tube inlet
temperature was 3602C, the hydrogen pressure was
10 MPa, and the liquid hourly space velocity was
0.5 h™'. The hydrotreating conditions and the
properties of the resulting aviation fuel base oil
are set forth in Tables 3 and 4, respectively.

[0055] {Example 4}

An aviation fuel base o0il as set forth in

Table 4 was prepared by blending 50 percent by

volume of the aviation fuel base o0il produced in
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280 360 Hydrogen PressureMPa 6 3 10 11-1SViv 1.0 1.0 0.5 Wth or
Ithou t Quench kg Yes

Example 1 and 50 percent by volume of an aviation
fuel base o0il having properties set forth in Table
2 produced by hydrodesulfurizing a fraction
fractionated a fraction produced by treating
crude o0il an atmospheric distillation unit,
within a boiling point of 140 to 270°C.

[0056] {General properties of feedstock and
aviation fuel base o0il and aviation fuel)

The general properties of the feedstock and
aviation fuel base o0il set forth in Tables 2 and
4 refer to values measured by the following
methods.

The density at 152C {density@152C) refers to
a value measured in accordance with JIS K22489
"Crude 0il and Petroleum Products-Determination
of density and petroleum measurement tables based
on reference temperature(15°C)™".

The kinematic wviscosity at 30°C or -20°C
refers to a value measured in accordance with JIS
K2283 "Crude 0il 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
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Yes Yes Amount of A dditimof Sulfur - Contah fig |i

Corn pound (to Feedstock ) ppmby mass 10 10 10

[ 0063]

Instrumental Determination of Carbon,

and Nitrogen in Petroleum Products and

Lubricants".

ydr ocar bon

[ Tabl e 4]

Hydrogen

The oxygen content refers to a value measured

by a method such as U0OP649-74 "Total Oxyden in

Organic Materials by Pyrolysis-Gas

Chromatographic Technigue".

The sulfur content refers to a value measured

in accordance with JIS X2541

Crude 0il and

Petroleum Products-Determination of sulfur

content".

The acid value refers to a value measured in

accordance with JIS8 K2501 "Petroleum Products and

Lubricating 0Oils Test Method for Neutralization

Number™".

The composition ratio of. fatty acid groups

in animal or vegetable fat refers to a value

determined in accordance with the above-described

Standard Methods for the Analysis of Fats, 0Oils

and Related Materials (established by Japan 0il

Chemists’ Society) (1993) "2.4.21.3-77 Fatty Acid

Composition (FID Temperature Programmed Gas

Chromatograph Method)".

The flash point refers to a value determined

in accordance with JIS K2265 Crude 0il and
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Examp b 1 Examp le 2 Exanple 3 Exanple 4 Dens fly at 1 5CM\an3 0. 750
0.771 0.780 0169 Fl ash PohtC 85 64

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 arcmatic content refers to a value
measured in accordance with JIS K2536 "Liguid
petroleum products-Testing method of components
{(Fluorescent Indicator Adsorption Method)".

The total acid value refers to a wvalue
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 value
measured in accordance with JIS K227%6
"Determination of thermal oxidation stability of
gas turbine fuels-JETOT method Method A, Method

B".
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75 60 D "still tim Characteristics 110C 150C 190C EPC 202.0 225.0
238.0 258.0 185.0 210.5 236.5 259.0 149.5 168.0 254.0 273.5 180.0
210.0 235.5 260.0 Sul fur Cntentm ass ppm

[0057] (Life cycle characteristics)

The life cycle characteristics (life cycle
CO, calculation) desgcribed in the présent Example
were calculated by the following method.

L.ife cycle CO; was calculated as the CO;
generated from ocil-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
referred to as “"Well to Tank C0z") was calculated
as the total C0; emissions during a sequence
starting from the drilling of material and crude
0ill resources, through transportation,
processing, and delivery, to pumping to an
airplane’s fuel tank. For calculation of *Well
to Tank C0;”, the calculation was carried out in
consideration of the carbon dioxide generated
during the following (1B} to (5B} events. Data
required for the calculation was the ocil refinery
operation performance date possessed by the
inventors of the present invention.

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

{2B) Carbon dioxide emissions accompanied
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<1 5<1191-1roma th Contentyol% 0 9 o 8 Total Acid. Va hem gKOH g
0.00 0.01

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

{3B} Carbon dioxide emissions accompanied
with regeneration of a catalyst if the processing
is carried cut through a device such as a catalytic
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 wvehicle there

{5B) Carbon dioxide emissions when an
animal or vegetable fat and a component
originating therefromwere ocbtained from Malaysia
or reglions therearound, and a gas oil composition
was produced in Yokohama, Japan.

[0059] As apparent from Table 4, the aviation fuel
base oils prepared in accordance with Examples 1
to 4 using a feedstock originating from an animal
or vegetable fat have excellent properties as
aviation fuel base o0ils and are novel aviation
fuel bhase oilg alternative to petroleum-based
fuel, which contribute to the prevention of global

warming.

43—



0.00 0.01 Freezhg Po htC -47 -45 -40 -45 Snoke Po h tmm >50 40 35 42

[0060]

[Table 1]

CatalystA | CatalystB

Content ALO; (nass¥, based on support m ass) 91.2 100
Content S, fass%h, based on supportm ass) 4.8 0
ContentP,0; (@ ass%, based on support m ass) 4.0 0
Content Mo0 5 {1 ass¥%, based on catalystm ass) 240 0
ContentND (uass%, based on catalystm ass) 26 0
Content Pt (@ assY%, based on cataystm ass) 0 0.5
Pore Volme (Vg 0.75 047
Average Pore dim eter Gun) 7.0 52
Ratb of Pore Volim e derved fiom Pores havig a
pore dim eter of 3 nm or kss to TotalPore 22 39
Volme & by volm e)
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Therm al

xidation Stab iLity Filter
athg 0<10<10<10¢<1Life Cyc h Characteristics

Pressure D ifferenckP a Tube R

[0061]
[Table 21
Vagetabk Fat {|Vegetabk Fat 2|Petiokun —  |Aviatbn Fuel
{coconutold |(palm oil} based Base 01 |Base 01
Density at 16°C &ke/m®) 900 916 792 790
Kfiem att viscosity at 30°C @m?/s) - - 14 1.3
EkmentalAnalysi C fnass%) 77.0 77.3 352 85.0
H @ass % 12.0 12.0 13.3 15.0
0xygen Content fnass %) 115 106 <0.1 <0.1
Sulfur Content fuass %) <1 <1 1.15 0.05
Acil Yakie mgkOH/g) 0.10 0.07 0.00 0.00
Butyrk acd group €3) 0 0 - -
Caprok acH group €5) 0 0 - -
Caprylc acid group C7) 4 0 - -
Capri aci group €9) 4 0 - -
ConponentRett @ oss| Lo ool group €10 | 49 0 : -
n Fat (numberof  [M yrist acH group €13) 17 1 - -
carbon atom s h fatty -t :
aci catbon chan ) |Pal itk acH group €14) 9 44 - -
Steart aci group €16) 3 5 - -
0kt acd group C17) 7 39 - -
Lokt acil group C17) 2 10 - -
Lhoknt acH group C17) 0 0 - -
[0062]
[Table 3]
Exampk 1| Exampk 2| Exampk 3
Recyckd Amount tin es by m ass 1. 1 1
(Toa peraturs at Reasthn Tube Hbt) C 240 240 340
Hydrogen Pressure MPa 6 3 10
IHSV h' 1.0 1.0 0.5
W ith or W ithout Quenchig Yes Yes Yes
Amount of Additbn of Sulfiur -
Contahing Hydmwcarbon Com pound (o Feedstock } PP™ by mass 10 10 10
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Wto WO002 emissbns)g-C 0 2 /MJ) 40.4 53.8 50.0 54.3
Applicability [0064] The present
friendly aviation fuel

base oi

| ndustri al

I nvention provides an environment
havi ng excel l ent conbustibility,

oxidation stability and lifecycle properties resulting fromits

neut r al

~diversification.

base oi

carbon properties and can contribute to prinmary energy
Clainms 1. A process for producing an aviation fuel

conprising hydrotreating

[0063]
[Table 4]
Exanpk 1 Exampl 2 Exampk 3 Exampk 4

Density at 15C g an® 0.750 0.771 0.780 0.769
Fhsh Point T 85 64 75 60
Distilktbn Characteristics
T10 C 202.0 185.0 1495 180.0
a0 C 225.0 210.5 168.0 210.0
90 T 238.0 236.5 2540 2355
EP C 258.0 259.0 2735 260.0
Suliur Cntent m ass ppm <1l 5 <1 19
Hromatc Content vol% 0 9 0 8
Towml Acid Valie mgKOH/g 0.00 0.01 0.00 0.01
Freeziig Poiit C -47 -45 -40 -45
Smoke Pont mm >50 40 35 42
Them al Oxilation S tability

TFilter Pressure Differenc kPa 0 0 0 0

Tube Rathg <1 <1 <1 <1
Life C yclke Characteristics

W to W-CO, em Bsibns) g-C0, /M) 404 53.8 50.0 54.3

Industrial Applicability
[0064] The present invention provides an

environment friendly aviation fuel base o0il having

excellent combustibility,

oxidation stability and

lifecycle properties resulting from its neutral carben

properties and can contribute to primary energy

diversification.
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in the presence of hydrogen a feedstock conprising an
oxygen-cont ai ni ng hydrocar bon conpound originating froman ani mal or
vegetabl e fat and a sul fur-containing hydrocarbon conpound,

wherein the feedstock further conprising a recycled oil in an anpount
of 0.5 to 5 tines by nmass of the oxygen-containing hydrocarbon
conpound originating froman ani mal or vegetable fat and, wherein the
hydrotreating conprising the follow ng steps (a) and (b): step
(a): hydrotreating the feedstock in the presence of hydrogen using a
catal yst conprising a porous inorganic oxide conprising two or nore
types of elenments selected fromalum num silicon, zirconium boron,
titani um and magnesi um and one or noChlimgpes of netals selected from
the group consisting of the Goups 6A and 8 el enments of the periodic
tabl e, supported thereon, under conditions where the hydrogen
pressurd.is fAqrogesoforprivRiging e dviationdfusd baby of gace nsdhe byt gotiesting

f 0. NL/ L,
e e 1 U Bl otbe crsalbionsalRtl APyt e By AR-bohdiify 1
(b): i sbweracarben cawpeyad sriginatng fom g sdimal@rivegetablafatrand @at | ng
of the SLREr-taMtaiding RYIRIEFSAE BoMH @otmér ogen using a catalyst

COFI’pI’ISI ng a porous | naorgani ¢ oxi de Cco risi ng two or nore types of
el enents sel eWDNEEEIP rtb%f%\QQﬁW%ert@irICPBBH’S'% pcoevaeq ol en,ameuninfihp

nmagnesi ginsafted 89Iriss NtheM&geh-dBmEningPRrdrotamBhaomSAIRES8 nfaf“l%”
t he grogrp con5|st|pg of the f 8 8 elements of the periodic table;]
suppor t ¢ ABAYRal ghuegetaBledef BBAs where the hydrogen pressure is

from2 to 13 NFfarelhhlﬁe Ihyawtrbdnmgrdosm@mﬁgth/@fcﬂlwiiﬂg bfeplst @maﬂdmo 3.0

Lemeratur e | e 1ol el e Bestoddn e betense dMiyckeen SePaia

1, h\/\ger eatalydicongmigihed mirbus mcﬂgbamtaaddé comptibizggmaugr morr:stﬁ:telsrr]t@f of

t
Step (ap IR hocBa G BB, R 2kl of G el P "
monoxi d&agneshon andi @y demanel tynair oigortalsiseiedtad @oprtbegrouprodeistidg lof
| somer i ghd r@uﬂaé eht ﬁ‘d@% drRBni' Ahé *b%r[B)ﬂFUt%B (ﬁe%ﬁﬁoﬂéé the} bneuﬁ@éﬁp

(b), a product uced by Isonerizin £rom

hydr ot r éﬁf‘@@'oﬁﬁlwhﬁi’etfh% hyﬂ@}ﬂecwresaum sdton Zotootii bika, Biye liguigehourivng a
heavy fipgeé 9B|dcitm rr!aﬁh DYIdfoO@ be}at ecﬂewdrégbrm@ rétlER féh Btfe S8EINLA.

fractlonfrgctlo ated rom a roduce y I sonerizing the

hydr ot r @8fdfe gpaction w%rpgge(iﬁj‘rom §58'F‘F\588r%c@3‘§ according to claim

1 or 2, wher empt(bs% |§6¢|@S‘fzﬁ@kth©¢@fdabﬂﬁ§at’éd|cﬁUpﬁroUDc@tﬂl|@ﬂwmdlﬁfreétlh$ op0
ppm by npBSS mass _of

P atioy ol Stap (e 1 Biastliondk sVHdEn S9Rnp GHiahfobRhihidx aoys
wher ei nindrgasicldxide comipaismgnigvchydmecatynes cfosipoents $§98@d&‘6¢rﬁ(h[tﬁﬂhﬂfﬂm

t i ophedBeSReat S, Rord i, s &R e BiEss pbdEndd Fhis baps
5. The pf owials setededifrogn the grqupommmg of the Group 8 eleshentsiaf thai d
f eedst O?Er[BHfg tQ@L é%EEEBHQé’?hé’?\'eBﬁt [R4ELB AT Livhe ﬁ%%ﬁ?oqoqgn gﬁ%ﬂfré'%

crude €SS according to any one of C

wher ei nfioRe2itetia Mt‘i‘la theeliqweiesiryi am@eo:relww i dtony Oalctd.Onaivi thg a
fatty apyorduedQraiag diaiBodb {Hdd QLAL a%erthgmeéé;ﬂmelrﬁbeﬁame@@'fr%ﬂ{
or vegetable i's 60 percent by nmass or nor rocess fo

pr oduci ﬂé L 3§\9| Qt | on fuel base oil conprising blending an aviation
fuel base oil produced by the process according to any one of clains
1 to 6 and an aviation fuel base oil produced by refining crude oil.
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2. The process according to claim 1, wherein the recycled oil is selected from
the group consisting of a hydrotreated oil produced by hydrotreating the feedstock
in the step {a) and then removing by-products such as water, carbon monoxide,
carbon, dioxide and hydrogen sulfide, a product produced by isomerizing a light
fraction from the hydrotreated oil in the step (b), a product produced by isomerizing
a middle fraction from the hydrotreated oil in the step (b), a product produced by
isomerizing a heavy fraction from the hydrotreated oil in the step (b) and a middie
fraction fractionated from a product produced by isomerizing the hydrotreated oil in
the step (b).

3. The process according to claim 1 or 2, wherein the feedstock contains
sulfur in an amount of 1 to 50 ppm by mass in terms of sulfur on the basis of the
total mass of the feedstock.

4. The process accarding {o any one of claims 1 to 3, wherein the
sulfur-containing hydrocarbon compound is selected from the group consisting of
sulfide, disulfide, polysuifide, thiol, thiophene, benzothiophene, dibenzothiophene
and derivatives thereof.

5. The process according to any one of claims 1 to 4, wherein said feedstock
further comprises a petroleum base cil produced by refining crude oil.

6. The process accarding to any one of claims 1 to 5, wherein the total of the
compositions of the fatty acids having a fatty acid hydrocarbon chain of 10 {o 14
carbon atoms in said animal or vegetable fat is 60 percent by mass or more.

7. A process for producing an aviation fuel base oil comprising blending an

aviation fuel base oil produced by the process according to any one of claims 1 fo
6 and an aviation fue! base oil produced by refining crude oil.
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