GAS OL COMWPCSITION [Field of the Invention] The present invention
relates to gas oil conpositions conprising an environnent friendly
base gas oil produced froma triglyceride-containing hydrocarbon
that is an animal or vegetable fat and/or a conponent originating

therefrom and having excellgntohif e®ysbe 1GRogm ssion properties
and oxidation stability and the capability of reducing

environnental pollutants in the exhaust gas. [Background of the
| nvent i on] Cbnventional base gas oils are known to be produced by

subj ectin h asy I ai ght kerosene, produced by
atnnspher?%fﬁ %fga%P%h oﬁbeéﬁadéﬁ to hydrotreating or

hydr odesul furi zati on entional ,gas oi osi tions ar, pr oduced
by bl ending o %rpﬁﬁse?gpé\?%&?nFH%& Bﬁééactggg %ol FHAd° Ea
kerosenes. |If necessary, these gas oil HPOSItIOHS re bl gde% W th
addi ti ves® SUBR Sast HONSetGRTBP At I ﬁﬁr&ib‘F BPrf &t e 5&&“‘? ge” Y
exanple, Konishi Seiichi, "Nenryo Kogaku_Gairon", Shokabo

Publlshlrﬁga€o°l]LtEr°dl\‘ﬂaﬁ%ﬁ fmg | apatg*e%ﬂze:%lqur)co%aﬁmn% in
recent years, interests in -1 environnental issues have been
soci al | y hnéresseaboand ha hubsadnordbimes, oitn Vere b abile thHesand/or
power ed

a component originating therefrom, and having

excellent life cycle CO, emission properties and
oxidation stability and the capability of reducing

environmental pollutants in the exhaust gas.

[Background of the Invention]

Conventional base gas oils are known to be
produced by subjecting a straight gas o0il or straight
kerosene, produced by atmospheric distillation of
crude o0il to hydrotreating or hydrodesulfurization.
Conventional gas 01l compositions are produced by
blending one or more types of these base gas oils and
base kerosenes. If necessary, these gas oil
compositions are blended with additives such as a
cetane number improver or a detergent (see, for example,
Konishi Seiichi, "Nenryo Kogaku Gairon", Shokabo
Publishing Co., Ltd., March, 1991, pages 136 to 144).

Meanwhile, in recent years, interests in



aut onobi | es have been required to suppress the em ssion of exhaust
gas therefrom (in particular suppression of nitrogen oxide NOx,
particul ate matters, al dehydes, and dioxins in exhaust gas) and as
the result, a demand has arisen wherein gas oil is decreased in
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war mi ng ssue as as suppression o aust gas, ueI as been

demanded_t o have. prop rtle contributive urther npr o in
fuel con3H tn}ool?\lg § (ATe re%ulﬁe%;roogﬁlpc?%'%saett‘&ﬁ?lSSlon

FEet
reduction. As_one neans for a hleV|n?bthese obj.ects, it has been
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reproduci bl e energies, as alternative fuels. Exanples of nethods for
utilizi n@l§t¥&€%ﬂaﬁt}<l%¢oh‘é§% f AL Heugad i rati@itle ek ¥H&I n
a vegetable fat is directly mxed with gas oil and wherein a fatty
aci d al kyhdedti@x {her ehnakheru aibby ¢ apsd ags UIRANER §upitodecdennnd
ester-exchanging a vegetable fat and an ester is mxed with gas oil.
-2 Partilakagrlnj s ¢hewhaVEe tongainse al nbst dec raersrat i icn conpdurd,and
which is regarded as being largely
aromatic contents (see, for example, “JIDOSHA
GIJYUTSU” Veol. 56, No. 1, page 49-56, by Teruo Nakada,
published by SOCIETY OF AUTOMOTIVE ENGINEER OF JAPAN
INC) .

In order to cope with the global warming issue as
well as suppression of exhaust gas, fuel has been
demanded to have properties contributive to a further
improvement in fuel consumption and also effective in
carbon dioxide (CQ;) reduction. As one means for
achieving these objects, 1t has been studied to use
synthetic fuels and plant biomass fuels, which are
reproducible energies, as alternative fuels,.

Examples of methods for utilizing such plant
biomass fuels as gas ©il include those wherein a
vegetable fat is directly mixed with gas oil and wherein
a fatty acid alkyl ester (hereinafter abbreviated

s "FAME”) produced by ester-exchanging a vegetable fat

and an ester is mixed with gas oil.



contributive to the production of soot discharged with an exhaust
gas or no sul fur conponent giving significant influences such as

poi soni ng of an exhaust-gas post-processing catal yst and thus has
been attracted as a dom nant possibility for an alternative fuel.

The FAME is po%'tioned

as r epr.oduci ener.qgy. _hec e_Lt is
derived from pl Ak st Cﬂ}dasl: thengé? bgﬁm% %Qﬁ&%y]crégsgg ?/S EDIJ—ml S not
counted as the em ssions under the carbon dio ige reducti o r ot acol
entered HORG tridt | GHBPPR B hERedt ke SRFGIDH PR Bt BEGINS LhES SHOF
has, therefore, political nerits. However, natural vegetable fats and
fatty aci@PnbFiyutesver §optbgupeP dnetdiadmicdrarndifchiasged Fy-th
| arge quantity of heavy conponents and thus are poor in burnout
properti e upashasbfrbustaisono Ennengs néfur posgipsinyengadiinging t he
i ncreased em ssions of unburned hydrocarbons. The vegetable fats and
fatty acigi@hkylica&sterdsn fit semcmgenscarit aé i P toapauwgisc dnc 1t hus
have the likelihood that they would increase al dehydes exhausted
upon contash b ar.t Meget pbke f@at s cark FAYER: athdty sond adnt hasy heat breatred
fatty acid groups are poor in handling characteristics as fuel
because idttgasaled aata albhehla demmes saiuriesi apdf veuket haite t nagdows e

-3 lowtenperature fluidity. Vegetable fats and FAME that contain

nmany unsatyle ated mid tBa el ds0pewns: fhBed as a reproducible energy
because it 1is derived from plants. Thus, the carbon
dioxide caused by BDF is not counted as the emissions
under the carbon dicoxide reduction protocol entered
among nations in 1997, so-called “Kyoto Protocol”, and
BDF has, therefore, political merits.

However, natural vegetable fats and fatty acid

alkyl esters produced therefrom contain intrinsically
a large quantity of heavy components and thus are poor
in burnout properties upon combustion in engines,
possibly leading to the increased emissions of unburned
hydrocarbons. The vegetable fats and fatty acid alkyl
esters are oxygen-ccontaining compounds and thus have
the likelihood that they would increase aldehydes
eXxhausted upon combustion. Vegetable fats and FAME
that contain many saturated fatty acid groups are poor
in handling characteristics as fuel because it is solid

at ambient temperatures and would fail to secure



poor in oxidation stability due to its chem cal conposition and
woul d be deteriorated in color and cause the formation of sludge and
adverse affects on engine parts. Further, there is a strong concern
that a fatty acid glyceride and an alkyl alcohol, which are raw

material gl agadud) ng, EAVS byl i oo 9ad 1 8l werd nomd e

which is pro dvers ects engine par
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not only al one but al so in conbination mnth an existing gas oil. It
i s thus REE&ssh yOorg 7 bé Oforet 28drckt Ks 4 t he &&%mfh@ﬁ%ﬁ%%ulty,
| ow tenperature properties and conbustibility of biomass fuel itself
as wel | aem®ds brasd faef- niceldgds od¢ telde sase befor €0 acend
natural vegetable fats and FAME produced therefromoften contain a
slight aosumte ofhehlfarimet iconpoiindd,udgeoncer radras rard sehfier tvhi ch
the use of the vegetable fats or FAME as an autonobile fuel would

i ncr easeehlyd ré qxa hteancehi r ahiean, ithébhe éshaust rgasg Whhemgaridato
the origin of chlorines, it is wunlikely that they exist

intrinsigafhy tdy g 88t §1 yide r i der ankerampresryedatiadh 6l owihnesh a4 ge
contained due to -4 external factors such as chlorines contained in
agricul typgl eherirGal Bsuged dYrblk d NEgPFINeSSHYf refining and a
glycerin mixture which is by-product thereof adversely
affects engine parts and fuel injection systems.
These tendencies are not found in the existing gas
0ils. Therefore, the same prcblems arise upon use of
biomass fuel not only alcne but alsc in combination with
an existing gas oil. It is thus necessary to give more
concerns to the oxidation stability, low temperature
properties and combustibility of biomass fuel itself
aswell as abiomass fuel-mixedgas cil thanever before.
Since natural vegetable fats and FAME produced
therefrom often contain a slight amount of chlorine
compounds, a concern has arisen in which the use of the
vegetable fats or FAME as an automobile fuel would
increase the dioxin concentration in the exhaust gas.
With regard to the origin of chlorines, it is
unlikely that they exist intrinsically in plants. It

is rather presumed that chlorines are contained due to



cultivation of plants or in water (steam used for producing oil
fromplants. Therefore, the use of natural vegetable fats and FAME
that is an fatty acid al kyl ester m xture produced from such
vegetabl e fats can not provide a gas oil conposition that is

i nproved in properties such as a reductjon,in harnful exhaust

subst ancEXsBER s HRGHIGES SHFR %?clcé’%ﬁlérﬁ%s%iﬁt&rjo‘b@ iS5 and
oxidation stability all together. Since these engine perfornmances
are cl osdyrieiditegrad sthenifgels pegserapedngtthe RF9caisis el t
to produce a fuel of high quality which can satisfy all of these
requi sit eupeifvartrbaoes fi np dhingher bevdln watkteher btean hens evhst omot
exi sted any exanple or idea on the basis of studies of a fuel which
can sati sfyodllcitrhe pernf of mramcesl anegui red for commercially avail abl e
fuel oils and a realistic process for producing such a fuel.

[ Di scl osure of THer Efeand j obh eThe Pres and £ttty ®§evad NadEaits \dWregv
of the foregoing situations and has an object to provide a gas oi

conposi t i M BONREIS 1 RJ a3 FRRME ¥ NEEAL a fLikveNd &t c Pag e x@asr 19 r pHAGKS
froma triglyceride-containing -5 hydrocarbon that is an animal or

veget abl e fah, antéRr vedy LOTBARENE 2 061 G NAL hRG tHLpefiram and haveng

excellent life cycle 2 em ssion properties and oxi dation
composition that is improved in properties such as a
reduction in harmful exhaust substances such as dioxins,
life cycle CO; emission properties and oxidation
stablility all together. Since these engine
performances are closely related to other fuel
properties, it is very difficult to produce a fuel of
high quality which can satisfy all of these requisite
performances in a higher level. Furthermore, there has
not existed any example or idea on the basis of studies
of a fuel which can satisfy all the performances

required for commercially available fuel oils and a

realistic process for producing such a fuel,

[Disclosure of the Invention]

The present invention was made in view of the
foregeoing situations and has an object to provide a gas
0il composition comprising an environment friendly

base gas 01l produced from a triglyceride-containing



stability and the capability of reducing environnental pollutants
such as dioxins in exhaust gas. The present invention was
acconplished as the results of extensive research and study carried
out to solve the above problens. That is, the present invention
relates to a gas _oil conposition conprising: 20 to 80 percent b

vol une ofY&ORGERrERS ditahi iR ad govs B8Rt (AT 49 BA tedhber hatr e st/ 360C
or lower, a sulfur content of 10 ppm by nmass or |ess, and an oxygen
cont ent ®fcamperncent ®yigass? binlge§§1,erp¢699@eant§i/habrrixmgi aiycied teet
presence of hydrogen a feedstock conprising an aninmal or vegetable
fat and/ bi f& cpopendhd: oeingigwt dng ptthepefritdms i and coxnidett wihh a
catal yst conprising a porous inorganic oxide conprising two or nore

types of sela@ent sysghected thagpabalubnw rSdbheong 2invcOAbHMe os 0N,
titanium and mnagnesi um and one or nore types of nmetals selected from

the groupoganst shicRg £f chhe & Qupsk Bf\s andy & ghan@it Sga@f. the periodic
tabl e, supported thereon, under conditions where the hydrogen

pressure is fr 2 VP, | L qui o] - oGt
Promo. 1 to -6 I%0 e rie Pydreen o ot rooraiPree e oFs Fal
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solve the above problems.

That is, the present invention relates to a gas
0il composition comprising:

20 to B0 percent by volume of a base gas o0il with
a 90% distillation temperature of 360°C or lower, a
sulfur content ¢of 10 ppm by mass or less, and an oxygen
content of 1 percent by mass or less, produced by
bringing in the presence of hydrogen a feedstock
comprising an animal or vegetable fat and/or a
component originating therefrom, into contact with a
catalyst comprising a porous inorganic oxide
comprising two or more types of elements selected from
aluminum, silicon, zirconium, boron, titanium and
magnesium and one or more types of metals selected from
the group consisting of the Groups 6A and 8 elements
of the pericdic table, supported thereon, under
conditions where the hydrogen pressure is from 2 to 13

MPa, the liquid hourly space velocity is from 0.1 to
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tenperature of 360C or lower, a total aromatic content of 15 percent
by volunme or |ess, a cetane index of 45 or greater, a sulfur content
of 10 ppm by mass or less, an oxygen content of 1 percent by nass or
|l ess, a fatty acid alkyl ester content of 3.5 percent by mass or

|l ess, an acid nunmber of 0.13 ngKOH g or |ess, a nethanol _content of
0.01 percer? by mhde b deagemaoidi gRyce? il £ xoRtLhP bP D8P Nérdent
by mass or less, and an increase in acid nunber after an oxidation
stabilityn@sthef DeatkiomKOdmporaktesss IFhe foresedtd @ nventdiddh® @l so
relates to a gas oil conposition conprising: a base gas oil with a
90% di stillati ahea erperat Ur eomgfo 860Ccor hlaomeng a 20kf di s¢dnt kat iafn
10 ppm by mass or |less, and an oxygen content of 1 percent by nass

or |ess.tnpducaduby HFi RGONT o ke pr psencet 81 dydigehc @ontent
feedst ock conprising an ani mal or vegetable fat and/or a conponent

originatidy ibhepefr@dhti Bto woDNhAaet oMi1dsa ,ca  ¥8hneONMAskNG fa 45
porous inorgani c oxide conprising two or nore types of elenents

Se|eCt?dJf(H&eQE@?!“Hnséikh%o%oﬂ%éﬁanwnuﬁ?ﬁﬁﬁb}iﬂ@@%“&kaméss,
magnesi um and one or nore types of netals selected from-7 the group
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from 2 toa&i?’d alkyl ester content of 3.5 percent by mass or less,
an acid number of 0.13 mgKOH/g or less, a methanol
content of 0.01 percent by mass or less, a triglyceride
content of 0.01 percent by mass or less, and an increase
in acid number after an cxidation stability test of 0.12
mgKOH/g or less.

The present invention also relates to a gas oil
composition comprising:

a base gas cil with a 90% distillation temperature
of 360°C or lower, a sulfur content of 10 ppm by mass
or less, and an oxygen content of 1 percent by mass or
less, produced by bringing in the presence of hydrogen
a feedstock comprising an animal or vegetable fat
and/or a component originating therefrom, into contact
with a catalyst comprising a porous inorganic oxide
comprising two or more types of elements selected from

aluminum, silicon, zirconium, boron, titanium and

magnesium and one or more types of metals selected from



MPa, the liquid hourly space velocity is from0.1to 3.0 h-1, the
hydrogen oil ratio is from 150 to 1500 NL/L, and the reaction

tenperature is from 150 to 480C, and a hydrorefined oil produced by
refining crude oil, mxed at a blend ratio of 20 to 80 percent by

vol une: 80 to 20 percent by volune, the gas oi | conposition_having a
90% di st FPRatIoNIPt &Re? A8 Grid Bf OS6GA DrCrowsTs @it 804l Gresgments
content of 15 percent by volume or |ess, a cetane index of 45 or
greater,©a $l9 uPedOMm@hE Sfaldbeppri WYP padse ér thesse onan wWxggen
content of 1 percent by nmass or less, a fatty acid alkyl ester
content obn3litiperscarte by theshgrdiegen paressudendmsbeirah ».18 13
ngKOH/ g or |l ess, a nethanol content of 0.01 percent by mass or |ess,

a triglyeesi,decheontienii af hd0dl peseente byeassi oy liesstramd cam to
increase in acid nunber after an oxidation stability test of 0.12

myKOH g 9r ol §S5; tThE PYasYYeh NYENEHRd) 38 Felal 83 d @ A18AF0 Qi /L,
conposition conprising: 20 to 80 percent by volune of a base gas oi

with a 390 1%534&%9&%%& gar@ﬁgg;fg@ugte %@%%Mﬂgrtoaq 8~°otﬂéwaind

content o ppm by nass and an oxygen cont ent of

° N “oxygen -
ycrogen & 1 ochet baES et PRl RE Pkl 89 1P S MG SRR0AE

vol ure O&ixed at a blend ratioc of 20 to 80 percent by volume:80

to 20 percent by volume,

the gas 0il compositicn having a 90% distillation
temperature of 360°C or lower, a total aromatic content
of 15 percent by volume or less, a cetane index of 45
or greater, a sulfur content of 10 ppm by mass or less,
an oxygen content of 1 percent by mass or less, a fatty
acid alkyl ester content of 3.5 percent by mass or less,
an acid number of 0.13 mgKOH/g or less, a methanol
content of 0.01 percent by mass or less, a triglyceride
content of 0.01 percent by mass or less, and an increase
in acid number after an oxidation stability test of 0.12
mgKOH/g or less.

The present invention also relates to a gas oil
composition comprising:

20 to 80 percent by volume of a base gas oil with
a 90% distillation temperature of 360°C or lower, a

sulfur content of 10 ppm by mass or less, and an oxygen



an animal or vegetable fat and/or a conponent originating therefrom
and 90 to 10 percent by volunme of a petrol eum base oil produced by
refining crude oil, into contact with a catalyst conprising a porous
i norgani ¢ oxide conprising two or nore types of elenents sel ected
fromalum num silicon, zirconium boron, titaniumand nagnesi um and
one or NI E9Pds of InHrarsesdl Y eBaTHNPEhE §F Bup PATHBHERICh P Bf
the G oups 6A and 8 elenents of the periodic table, supported

t her eon, tunteg ioandi ni drse whees @¢heehydr oygd rressure Léedfitem® to
13 MPa, the liquid hourly space velocity is from0O.1 to 3.0 h-1, the
hydr ogen codthprdtsilngsaf maimtdb8 td NSDOLALED, pendceéhé beacteobnme of
tenperature is from 150 to 980C;, the gas oil conposition having a

90% di stidh ahndmal eBperadgee af 1 S66@torahavery & tohmpoaeanntic
content of 15 percent by volune or |ess, a cetane index of 45 or

greater, & sylihlt £RBt @MHe P& £IQmPPANBY 9ASS, O 0l @5Srcedlft BYTJEHlume
content of 1 percent by nmass or less, a fatty acid alkyl ester

content Qff3 R PRHIVUM Wz §BSS19 pkecedb@Ctd rAybey Ofulelldi,
nmgKOH/ g or | eSs, a nethanol content of 0.01 percent by mass or |ess,

b L SLLEEL o SRS L .00 SRLAEEL AR 90 | 5By

MyKOH g %ﬁ£§%%nic oxide comprising two or more types of
elements selected from aluminum, silicon, zirconium,
boron, titanium and magnesium and one or more types of
metals selected from the group consisting of the Groups
6A and B elements of the periodic table, supported
thereon, under conditions where the hydrogen pressure
is from 2 to 13 MPa, the ligquid 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°C;

the gas 0il composition having a 90% distillation

temperature of 360°C or lower, a total aromatic content
of 15 percent by volume or less, a cetane index of 45
or greater, a sulfur content of 10 ppm by mass or less,
an oxygen content of 1 percent by mass or less, a fatty
acid alkyl ester content of 3.5 percent by mass or less,
an acid number of 0.13 mgKOH/g or less, a methanol

content of 0.01 percent by mass or less, a triglyceride

-5-



The present invention also relates to a gas oil conposition
conprising: a base gas oil with a 90% distillation tenperature of
360C or lower, a sulfur content of 10 ppmby mass or |less, and an
oxygen content of 1 percent by mass or |ess, produced by bringing in
t he presence of hydrog a feedstock conprising a m xture of 10 to
90 per ceﬁf’nettﬁﬁ'?/d%/ﬂrpe’ @i %ﬂrﬁrﬁ%ltb%lmﬁﬁe‘?ﬁﬁt%g?ataBﬁdPBrlﬁcrease
conmponent originating therefromand 90 to 10 percent by volune of a
pet r ol eubas é dof Psred wcede bya Red ¥ AfAg L @R utlea Bl 1t ntte ebrR Bt - Weth
a catal yst conprising a porous inorganic oxide conprising two or
nore typegKéfH /@l ementessel ected from al umi num silicon, zirconium
boron, titanium and magnesi um and one or nore types of netals
selected fromThe gmoupeaansistéend iofnthesCGr aupsates and 8 elasgmemi s
of the periodic table, supported thereon, under conditions where the

hydr ogenc pr@sssif €1 drs E60MrA §0ng3 MPa, the liquid hourly space
velocity is fromO.1 to 3.0 h-1, the hydrogen oil ratio is from 150

to 1500 NL/L, ang;tbeghgastioniteimpesatung Jisiframi dbd &ppa8Q&,ard
a hydrorefined oil produced by refining crude oil, -10 mXed at a

el O, bE A RELGE 1 KLUIRR(LOCHD 0GB o s
or less, and an oxygen content of 1 percent by mass or
less, produced by bringing in the presence of hydrogen
a feedstock comprising a mixture of 10 to 90 percent
by volume of an animal or vegetable fat and/or a
component originating therefrom and 90 to 10 percent
by volume of a petroleum base c0il produced by refining
crude 0il, into contact with a catalyst comprising a
porous inorganic oxide comprising two or more types of
elements selected from aluminum, silicon, zirconium,
boron, titanium and magnesium and one or more types of
metals selected from the group consisting of the Groups
6A and 8 elements of the periodic table, supported
thereon, under conditions where the hydrogen pressure
is from 2 to 13 MPa, the liquid hourly space velocity
is from 0.1 to 3.0 h™', the hydrogen oil ratio is from
150 to 1500 NL/L, and the reaction temperature is from

150 to 480°C; and

a hydrorefined oil produced by refining crude oil,

_lo._



tenperature of 360C or lower, a total aromatic content of 15 percent
by volunme or |ess, a cetane index of 45 or greater, a sulfur content
of 10 ppm by mass or less, an oxygen content of 1 percent by nass or
|l ess, a fatty acid alkyl ester content of 3.5 percent by mass or

| ess, an acid nunber of 0.13 ngKOH/ g or | ess, a nethanol content of
0. 01 per &rfeByafmasbdendgsat ot pifgkycéd ¢ RonEent &Y T OHUper &ht
by mass or less, and an increase in acid nunber after an oxidation
stabilitydesd gleficédt nykKOMd wnel ess. The present invention also
relates to the above-described conpositions containing substantially
no chlorine. [Efffecissofilhechmventtann Tler gag ai $0&odpetiil bas iafn
the present invention contain an environnent friendly base gas oi

produced t dmpera t@wenBEET 68l°d bat liocwew, adivtt a Qravegeitbtecdatent
and/ or a conponent originating therefromand thus have excellent

life cycler COB pRirsSi QR BRORAI1LRS 1 1 Oxisdatd e shaki litdeand ft hes
capability of reducing significantly the dioxin |evel in the exhaust

gas by - r [ C LAQS oG @ j o Dast LaWs,
e R S e T e R

\(,)Mut ht Lgelaﬁr\?erﬁ(n%ipgiﬁ]qp%oﬂ@én@ lofcq.nB%SLiééHESby kBest Modee Qfs’Cgr lf)éitrtgy
acid alkyl ester content of 3.5 percent by mass or less,
an acid number of 0.13 mgKOH/g or less, a methanol
content of 0.01 percent by mass or less, a triglyceride
content 0of 0.01 percent by mass or less, and an increase
in acid number after an ocxidation stability test of 0.12
mgKOH/g or less.

The present invention also relates to the

above-described compositions containing substantially

no chlorine.

[Effects of the Invention]

The gas 0il compositions of the present invention
contain an environment friendly base gas oil produced
from a raw material that is an animal or vegetable fat
and/or a component originating therefrom and thus have
excellent life cycle CO; emission properties and
oxidation stability and the capability of reducing

significantly the dioxin level in the exhaust gas by
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The present invention will be described in nore detail below Used
as a conmponent of the gas oil conpositions according to the present
invention is an environnent friendly base gas oil. Exanples of the
environnment friendly base gas oil include base gas oils with a 90%
distillation tenperature of 360C.or |ower, g sulfur caontent of 10
ppm by mhEEOGH FESSOMEF %ﬁlé’xﬂig&rﬁ’ THREENP T IGF I Aa peMEMtE D) TRest dY

| ess, produced by bringing in the presence of hydrogen a feedstock
conpri si Iﬁgt&rl%f{i | hgA nRfgBeali § ata2 AhdP ér wB icdhpdventd bEifgigiat tng
therefrom into contact with a catal yst conprising a porous

i nor gani tooxcte ecoap i shnghtews corv entte arypésgat oellepemso séltdatres .
fromalumnum silicon, zirconium boron, titanium and nagnesi um and
one or nore types of netals selected fromthe group consisting of
the G oups 6A and 8 elenents of the periodic table, supported

thereon, (gader ©gead td pnsawhey enyhe iy deegent pressuien)is from2 to
13 MPa, the liquid hourly space velocity is from0.1 to 3.0 h-1, the

hydrogen oi |l rehiOpfed&am inlde 420 40 990 Md Lgeard fhedr eactiOpe
tenperature is from 150 to 480C. Alternative exanples include base

gas oilgowitih a %(%0{9@ stillation tenperature of 360C or |ower, a
sul fur content o? O ppm by mass or |ess, and an oxygen content of 1

percent bylnwﬁsghlg?sa BQ%%gggnt of the gas ©0il compositions

according to the present invention is an environment
friendly base gas o0il. Examples of the environment
friendly base gas oil include base gas oils with a 90%
distillation temperature of 360°C or lower, a sulfur
content of 10 ppm by mass or less, and an oxygen content
of 1 percent by mass or less, produced by bringing in
the presence of hydrogen a feedstock comprising an

animal or vegetable fat and/or a component originating
therefrom, into contact with a catalyst comprising a
porous inorganic oxide comprising two or more types of
elements selected from aluminum, silicon, zirconium,
boron, titanium and magnesium and one or more types of
metals selected from the group consisting of the Groups
6A and 8 elements of the periodic table, supported

thereon, under conditions where the hydrogen pressure
is from 2 to 13 MPa, the liquid hourly space velocity

is from 0.1 to 3.0 h™?, the hydrogen oil ratio is from
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by bringing in the presence of hydrogen a feedstock conprising a

m xture of 10 to 90 percent by volune of an aninmal or vegetable fat
and/ or a conponent originating therefromand 90 to 10 percent by

vol une of a petrol eum base oil produced by refining crude oil, into
contact with a catal yst conprising a porous inorganic oxide

conpri si Ag @ vioo ok SAOr ¥ltAbesadfl téleemsm stéderedtanp e \af ani gufrom
silicon, zirconium boron, titaniumand magnesi um and one or nore
types of 17t abs 456) ®Ct ed Aflrioar hlae igr @up x@onsl sbi g ©f utilke b vapyg a HBA
and 8 elenments of the periodic table, supported thereon, under

condi ti onrsi Weewe tithea hydrogens prasisitt eonl S dpara twré3o¥PaB3 6t he or
| iquid hourly space velocity is from0.1 to 3.0 h-1, the hydrogen

oil ratiqdgebrom sIplrhe L300 Mhtlorand tWisinSFCHEYE BPEE ZEUr &S

from 150 to 480C. The raw material oil (feedstock) of the base gas

oil ma L r e d L glynatd
! o ot HF LR R et BBy ng omOe Qi ghgao

t herefrom or an ani ma at an

conponent rggi-_r;l?ﬁinlgg tihnergﬁxreorﬁrér%én%re%j gﬁp%tfd)]l_.ﬁglr&pagefgield che)clkat

pr oduced refi crude oi'l. m "an -ani or vegeta
or a corrponlglgtr.

o 0y oIRGB 91 858 kS, LPEct i e pdahe L RIOKES Rl o

veget abl eargagn(i?n ](_)ngr}t Své’slggt%%ni)gn%gtts éggg%or a component
originating therefrom and 90 to 10 percent by volume
of a petroleum base 01l produced by refining crude 0il,
into contact with a catalyst comprising a porous
inorganic oxide comprising two or more types of
elements selected from aluminum, silicon, zirconium,
boron, titanium and magnesium and one or more types of
metals selected from the group consisting of the Groups
6A and 8 elements of the periodic table, supported
thereon, under conditions where the hydrogen pressure
is from 2 to 13 MPa, the liquid hourly space velocity
is from 0.1 to 3.0 h™!, the hydrogen o0il ratio is from
150 to 1500 NL/L, and the reaction temperature is from
150 to 480°C.

The raw material oil (feedstock) cof the base gas

01l may be an animal or vegetable fat and/or a component

originating therefrom or a mixed o0il of an animal or

vegetable fat and/or a component originating therefrom

-13-



or produced fromthese fats. Exanples of raw materials of the anima
fats and animal oils include beef tallow, mlk fat (butter) , lard,
mutton tallow, whale oil, fish oil, and liver oil. Exanples of raw
materials of the vegetable fats and vegetable oils include the seeds
and other parts of coconut, palmtree, olive, safflower, rape (rape
bl ossoms§ 9 & R bF&M,S Whit3 9Ge? T L RF PO SREPY Kot hniggy cpaige oil.
sesane, and fl axseed. The use of fats and oil other than these woul d
not create anylpeobf&m = aThenfiawkdck syt e 16 £941 pd arcPmgaine bt
are preferably produced fromvegetable fats or vegetable oils with
t he obj ecriiye roé t easy tHemdeifngpm€an benl hdi oxi dedelsor psi nattyir ahdor
hi gh productivity. Alternatively, waste oils resulting fromthe use

of thesgranifatiand wegedald e paidduterd househdl ¢y Wagestmyl e ande § pod
preparation purposes may be used as the feedstock after the residual

matters ahedL£Imyed, d§emad Neseaei &snm kas a@fd mp ¥R s made
conposition of the fatfty acid part of the glyceride conpounds

cont ai negi Qrgwed-fléﬁﬁeeﬁgts%%saw.cl ude At 1 ¥ %k%aw%aeélﬂj]eéeils 5

sat ur at ed atty acids having no unsaturated bond in the nolecules,

et £ LAt L0 AR e IR e cAMGC,

myristi Cm"i‘ciikdfat (butter), lard, mutton tallow, whale oil, fish
0il, and liver o0il. Examples of raw materials of the
vegetable fats and vegetable oils include the seeds and
other parts of coconut, palm tree, olive, safflower,
rape (rape blossoms}, rice bran, sunflower, cotton seed,
corn, soy bean, sesame, and flaxseed. The use of fats
and oil other than these would not create any problem.
The feedstock may be of solid or liquid but are
preferably produced from vegetable fats or vegetable
oils with the objective of easy handling, carbon
dioxide absorptivity, and high productivity.
Alternatively, waste o0ils resulting from the use of
these animal and vegetable oils for household, industry
and food preparation purposes may be used as the
feedstock after the residual matters are removed from
these oils.

Examples of the typical composition of the fatty

acid part of the glyceride compounds contained in these

-14-



(C13H27000H), palmtic acid (C15H31000H), stearic acid (C17H35000H),
and so-called unsaturated fatty acids having one or nore unsaturated
bonds in the nolecules, such as oleic acid (C1L7H33000H), linoleic
acid (C1l7H31000H), linolenic acid (C17H29000H)and ricinoleic acid

(CL7H32( @d 980 c kB generabie tihet Bydruensbon spachs 1fdt besa fatey
acids contained in substances existing in nature are nostly of

strai ght €DaLn. achohevelvi hBenbathY 280k fa FRy B rAd ¥ 1Pft HAIaRe1 Baviings 2
side chain stfucture, 1.e., “isomers as long as the properties

def i ned ty, Lhe S esRy 1weau:an fesu 8R! | oflagthsy Unsaiugal ed

fatty acid nmay be an ose existence of which are generally

recogni zed.i n re as_wel |, .as thas vi.n nsaf urat.e nd, per
nDIecuIe,P?ﬁ%lﬁggéﬁﬂdn PRI i 84 uE?é51%%§§33H %%gﬁ?ﬁglgel%
synthesis, as | the pragperties defined_ b he present, inventjon
are sati 5%5@%1.951%3%0@@5&&&%&% e%%lg&%[??‘%/%ﬁr Y ot S tdéyel GhLe
fats and conponents originating therefro contai n one or npre of,
these fatty1#GLOMhi c® 38Ry t 1.0 52 éfends rigloh AHE) r af bR BE FapE 1d
For exanple, coconuts oil contains_a relatively |arge anount of

sat ur at ed( Cfai 15 QR gridups SSuch? &3 SR & 2&c1 T2 BRE MA F &Y @atid

groups while soy bean oil contains a |large anmount of unsaturated
fatty acilaygioeh® seicht d80ske@ sxtdraned bonds in the molecules,

such as oleic acid {C;+H3:CO0OH), linocleic acid
{C17H31CO0OH), linolenic acid {(C;4H,9COOH})and ricinoleic
acid (Ci7H32 (OH)COOQOH) . In general, the hydrocarbon
parts of these fatty acids contained in substances
existing in nature are mostly of straight chain.
However, the fatty acid may be any of those having a
side chain structure, i.e., isomers as long as the
properties defined by the present invention are
satisfied. The unsaturated fatty acid may be any of
those existence of which are generally recognized in
nature as well as those having an unsaturated bond per
molecule, the position of which is adjusted through
chemical synthesis as long as the properties defined
by the present invention are satisfied.

The above-described feedstocks (animal or
vegetable fats and components originating therefrom)

contain one or more of these fatty acids, which vary
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linoleic acid groups. The raw material oil (feedstock) of the base
gas oil may be a mxed oil of an animal or vegetable fat and/or a
conponent originating therefromand a petrol eum base oil produced by
refining crude oil. Exanples of the petrol eum base oil produced by
refining crude oil include petrol eum base gas oils, petroleum base
ker osenedeP&yri hedi enbhEe §ay Bide ranad s synkt At ¢ & aPuske keg o sOmEst S
Exanpl es of the petrol eum base gas oils include straight gas oils
obt ai nedof tormant atmss pheried 2 Wi seillt at aggaindmofugrt co bde adi b r avaslium
gas oils produced by treating straight heavy oil or residue

obt ai nedf atam arc iad mpsphers c uditstd 4 |lad w ol cunicti,d iamd& myAatYemMc acid
distillation unit; hydrorefined gas oils produced by hydrorefining

strai ghtggasip | wBh 1acswin p@asn 0bk1 sk edesd farizedgagmeidn: of
produced by hydrodesul furizing straight gas oil or vacuum gas oi

in a si Ltipl £ sthep Hndgr %gb i QRs-H hat ane ; seyen n
t hose fgghﬁgﬁﬂﬁfyhyéfor%?iging; gng -1 %ygrocrégkedlgég o%?éﬁf 408
pr oduced y. cracking_t f oregoi ng various base gas oils.

Exanpleslg¥c% %ngfgﬁﬁ%uﬁgﬁh " ker osenes i ncl ude strai ght kerosenes

obtai ned froman atmpspheric, 4 stil! AL bl 0% £THRE Bllge YagUUm
0il may be a mixed ocil of an animal or vegetable fat
and/or a component originating therefrom and a
petroleum base o0il produced by refining crude oil.

Examples of the petroleum base 0il produced by
refining crude o0il include petroleum base gas oils,
petroleum base kerosenes, synthetic base gas oils, and
synthetic base kerosenes.

Examples of the petroleum base gas ©ils include
straight gas oils obtained from an atmospheric
distillation unit for crude o0il; wvacuum gas c¢ils
produced by treating straight heavy oil or residue
obtained from an atmespheric distillaticn unit, in a
vacuum distillation unit; hydrorefined gas oils
produced by hydrorefining straight gas oil or vacuum
gas oil; hydrodesulfurized gas oils produced by
hydrodesulfurizing straight gas oil or vacuum gas oil
in a single or multiple step under conditions that are

severer than those for normal hydrorefining; and
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produced by treating straight heavy oil or residue obtained from an
at nospheric distillation unit, in a vacuumdistillation unit;
hydr or ef i ned kerosenes produced by hydrorefining straight kerosene
or kerosene; hydrodesul furized kerosenes produced by

hydr odestl ¥dir bziner kedaigphs kReérgsepeosuaaduby kedosenea chiasi hhke
or multiple step under conditions that are severer than those for
nor mal hyfdy oe gbiini gy a ranslu by thracos agked Ketesenes produced by
hydrocracki ng the foregoing vari ous base kerosenes. In the present

invention, varipeusmpleat iof tensletirdise hfr baxsRIUGE PYskthese Petlaldaum
base oils may be suitably selected. For exanple, hydrogen partial

pressure J4ppR i Il odesy J ik kgatdonak v ef ebablen laMie s PheGricat er,
nore preferably 3 MPa or greater, particularly preferably 5 MPa or

greater. f éB?L‘iQ_hatiB%f %Ht“% PRI LY Aar 5§ €St fx&&&h%&h Ofle LRE HPPST
limt of hydrogen partla pressure, it |s preferab y 10 MPa or

terper at BrES SHGEdyRYo 22%#?%&%?%%&.% FEFaPEY o SogE didue

e Miedreletably 00 ot ohes. L {ou oty br gl 4 sipc

l/: ?Wto]?ftx%.faggHégka cﬁkggét];ggrlgtnuruehlt, hydg%egee%fgley Oé)rCoosrerllé)gver 'n
produced by hydrorefining straight kerosene or
kerosene; hydrodesulfurized kerosenes produced by
hydrodesulfurizing straight kerosene or vacuum
kerosene in a single or multiple step under conditions
that are severer than those for normal hydrorefining;
and hydrocracked kerosenes produced by hydrocracking
the foregoing various base kerosenes.

In the present invention, various treating
conditions for producing these petroleum base oils may
be suitably selected. For example, hydrogen partial
pressure upon hydrocdesulfurization is preferable 1 MPa
or greater, more preferably 3 MPa or greater,
particularly preferably 5 MPa or greater. Although
there is no particular restriction on the upper limit
of hydrogen partial pressure, it is preferably 10 MPa

or lower in view of the pressure resistance of a reactor.

Reaction temperature upon hydrodesulfurization is
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of a reactor. Liquid hourly space velocity upon hydrodesul furization
is preferably 6 h-1 or lower, nore preferably 4 h-1 or |ower,
particularly preferably 2 h-1 or |ower. Although there is no
particular restriction on the lower limt of the liquid hourly

space velocity, it is preferably 0.1 h-1 or greater in _view of

drift. APFﬁéL?g%a]Phéfrécﬁggﬁo%r}{%%meaﬁ' RREEr iR T BRTGP L he3 €&t yar
for hydrodesul furization, exanples thereof include those wherein two
or threehigyses, oP afdt by lauchyapdfecab g, 390 °Bd, canék imhare used
in conbination. Mre specific preferable exanples include Co-M,
Ni - Mo, NhiCh-cMOphamddreWisased peattal gstlsir Anesd theseé ocatahy sths
nore preferred are Co-M and Ni - M based catal ysts. Synthetic base

gas oil apbers 1omtihosefproducedadiyi ehemicambe syrthes| ziing asraw
material such as natural gas, asphalts, or coal. Exanples of the

chem cal;tg_rz‘e»frzetlh@shéﬁ @ ot Rad 1igied ey ik est e HldeClesistance
| S

| i qguefaction nmethods. Fischer-Tropsch synthesizing nethod may be a

Lypical gxampl gsagh die YIRSt 2hBhrild LEGUL dye JOveyelypdhe

synthetic base gas oil used " i1n the present invention is not limted

Lo, those, yanadlyset tua  hese sptnods, - Geasrally, eynt et 6 finse s

oil contarns saturated rocar bon mal n~ conponen
speC|f|08E%%.|s Bg@pqéeg-pfonornal

era r lower, particularly preferably 2
h™* or lower. Although there is no particular
restriction on the lower limit of the liquid hourly
space velocity, it is preferably 0.1 h™* or greater in
view of drift. Although there is no particular
restriction on the catalyst for hydrodesulfurization,
examples thereof include those wherein two or three
types of metals such as Ni, Co, Mo, W, Pd, and Pt are
used in combination. More specific preferable
examples include Co-Mo, Ni-Mo, Ni-Co-MO, and Ni-W based
catalysts, Among these catalysts, more preferred are
Co-Mo and Ni-Mo based catalysts.

Synthetic base gas 0il refers to those produced
by chemical-synthesizing a rawmaterial such as natural
gas, asphalts, or coal. Examples of the chemical
synthesizing method include indirect and direct
ligquefaction methods. Fischer-Tropsch synthesizing

method may be a typical examples of the synthesizing
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paraffins, isoparaffins, and napht henes. Synthetic base kerosene
refers to those produced by chem cal-synthesizing a raw materi al
such as natural gas, asphalts, or coal. Exanples of the chem cal

synt hesi zi ng method i nclude indirect and direct |iquefaction

met hods. Fischer-Tropsch synthesizing nmethod may be exenplified as a
typi cal $achedidiieng Hewmiieue. thomwevEnt el symare | gasasel kendsahe
used in the present inventionis not limted to those produced by

t hese netihodsheGaree aklnyt, Symiemeiicn Ker osene lcioni aens tsat bihatseel

hydr ocarbons as a main conponent and nore specifically is conposed

of normalpreanafdd nsy tkepar afdimsdsand qwpbirhares, YhenrHdeic base
feedstock is a mxture of an aninmal or vegetable fat and/or a

conponenty H§ i giinatd g tlahet &f LM AR e PeYHelRET base i Ar gghiced by
refining crude oil, the mx ratio of an animal or vegetable fat

and/ or a &QHB%’eerPE LhHIRRAtd @péegrﬁféemly qgoeécsrﬁgeer@aoaée l%&mal
pr oduced by refining crude oil 1s 10 to 90 percent vol une: 90

o 50 porcent “f;‘l'ﬁv’%reu SRR A B N R hcont by .

to 20 perc me, nore pre percent by

vo e 0 0 S0, BELRRL U Y MR PP R DY g S
by chemical-synthesizing a rawmaterial such as natural
gas, asphalts, or ccal. Examples of the chemical
synthesizing method include indirect and direct
liquefaction methods. Fischer-Tropsch synthesizing
method may be exemplified as a typical synthesizing
technique. However, the synthetic base kerosene used
in the present invention is not limited to those
produced by these methods. Generally, synthetic
kerosene contains saturated hydrocarbons as a main
component and more specifically is composed of normal
paraffins, isoparaffins, and naphthenes.

When the feedstock is a mixture of an animal or
vegetable fat and/or a component originating therefrom
and a petroleum base 0il produced by refining crude 0il,
the mix ratio of an animal or vegetable fat and/or a
component originating therefrom : a petroleum base oil
produced by refining crude cil is 10 to 90 percent by

volume:90 to 10 percent by volume, preferably 20 to 80
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veget abl e fat and/or conponent originating therefrom or a m xture of
t he above-described animal or vegetable fat and/or conponent
originating therefromand the above-described petrol eum base oi
produced by refining crude oil is hydrotreated in the presence of a
catal yst. Exanples of the hydrotreating catal yst include those
conpri siR§TESPor oBY it JAR B dxFde <OnBATIHEt Db vP lHer%e tPpes of
el ements selected fromalumnum silicon, zirconium boron, titanium
and magnesedm a1l vodd éro ot e ypes b yretal smeel @@tled fPopetrment
group consisting of the G oups 6A and B elenents of the periodic
tabl e, shippordldmehereon. The support of the hydrogenation catal yst
may be a porous inorganic oxide containing two or nore elenents

sel ected fromphUuRiHMN reisld £ONi nZid €ONLWN tREr Ahw tinbai Ak aANG i1
magnesi um The support is generally an alum na-containing porous

| nor gani ?f@@@?toc%?@éﬁ?rqfs PﬁBeE_hCeDrH)xS’B@%t—%éé’Ba?tiidﬁéﬁi 8gitfie) or

support i1nclude silica, titania, zirconia, boria and magnesia. -2

0
T0%) SabPOLL e PIE A0 dnd CATPOSHES AL oSN AhBLg AN 2O

at | east one or noreé conponents se rom ot he% const

AN NG TR S el i T e R S
fat and/or component originating therefrom and the
above-described petroleum base o©il produced by
refining crude 01l is hydrotreated in the presence of
a catalyst.

Examples of the hydrotreating catalyst include
those comprising a porous inorganic oxide comprising
two or more types of elements selected from aluminum,
siliceon, zirconium, boron, titanium and magnesium and
one or more types of metals selected from the group
consisting of the Groups A and 8 elements of the
periodic table, supported thereon.

The support of the hydrogenation catalyst may be
a porous inorganic oxide containing two or more
elements selected from aluminum, silicon, zirconium,
boron, titanium and magnesium. The support is
generally an alumina-containing porous inorganic oxide.

Examples of other components constituting the support

include silica, titania, zirconia, boria and magnesia.
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than alumna is preferably from1l to 20 percent by mass, nore
preferably 2 to 15 percent by mass. If the total content is |ess
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 is nore than 20 percent by nmass, the
acidic [Hopestbpordf theesapparably ¢ neevassdl t possiildley cdreding n®
a reduction in activity caused by the formation of coke. Wen
phosphor usl s icentan ded tasl @a ssuppos t oeconsit ¢ utbmgp cwapasede leke ed
content of phosphorus is from1l to 5 percent by nmass, nore

pref er ablgyrénothd tor BeT Res AERLL thyt MA%S ddmpemn®n©5 . oXinde. sdpgloart s
no particular restriction on the raw materials that are precursors

of silicaall tYEhe rzid$PBhan BoRba Al fBINGS adbHNati dhe tidethese
support constituting conponents other than alum na. Therefore, a

sol ution coRbaifiNgssi | Gt 4 ¢ 5aNEUML o FL TGO HE) - BRI, OF t BRGRGS 1M
is generally used. For silicon, silicic acid, sodiumsilicate, and

P S g TS, L5 EE ALl g 1 d g gL i o

tetrachl or 8, and variou oXi
i i i i t i koXi | t b )
For bo u%oggi E)%%I fjé%gglfb% tﬁcgg%l.g%Iﬁglréserﬁ%skgxIorggé?,ss'gholzfpﬂg%{fec%&%lsagﬂ

|.f
For boron, C acid ma p

muialkméog%%%tsfétfess than 1 percent by mass, the resulting

catalyst fails to obtaina sufficient catalytic surface
area and thus would be reduced in activity. If the
total content is more than 20 percent by mass, the acidic
properties of the support is increased, possibly
leading to a reduction in activity caused by the
formation of coke. When phosphorus is contained as a
support constituting component, the content of
phosphorus is from 1 to 5 percent by mass, more
preferably from 2 to 3.5 percent by mass in terms of
oxilde.

There is no particular restriction on the raw
materials that are precursors of silica, titania,
zirconia, boria and magnesia that are the support
constituting components other than alumina.
Therefore, a solution containing silicon, titanium,
zirconium, boron or magnesium is generally used. For

silicon, silicic acid, sodium silicate, and silica sol
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t hereof nmay be used. The raw materials of these support constituting
conponents other than alum na are preferably added at any stage
prior to calcination of the support. For exanple, the raw materials
may be added to an al umi num aqueous solution which is then forned
into an alum num hydroxi de gel containing these support constituting
conponentdy BE Héy AaEdt £ 6 a brepat éd an Lnfnainl fitde oxt d& agel um
Alternatively, the raw naterials may be added at a step of kneadi ng
a mi xt urleedfr agh bp rdrde andadi Wadgueossa bwtidn smtits neymbrecivald g .
avail able alumna internediate or boehmte powder. Preferably,

t hese supper t icanshiiuut, ngi coppanant suarfe tcomd adned riiro u ana akdwm dien
hydr oxi de gel during the process of preparation thereof. Al though

the nmechgphsng pexdibet 1BG Advans ageeus ©f fieetrs Atd@i Aedaly paddidd @n
of these support constituting conponents other than alum na has not

been el uphdabeds ik oks ASHHBIOHAL 1 oI HESE SAMPANGHL P11 RETA SUTPL £X

oxi de state together t num It 1s thus presuned that this

increasethggng¥§ ﬁﬁéqug-%gﬁﬁiOf t he support and cause sone

interactron w acfive metals, thereby giving influences to the

LYY O RS Sy T VT el 08 SALEL UL B
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 is then formed into an aluminum
hydroxide gel containing these support constituting
components, or may be added to a prepared aluminum
hydroxide gel. Alternatively, the raw materials may
be added at a step of kneading a mixture of water or
an acid agueous soluticn and a commercially available
alumina intermediate or boehmite powder. Preferably,
these support constituting components are contained in
an aluminum hydroxide gel during the process of
preparation thereof. Althcugh the mechanism
exhibiting advantagecus effects attained by addition
of these support cconstituting 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
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periodic table, as an active netal. Exanples of the G oup 6A netal

i nclude Mo and W Exanples of the Goup 8 netal include Ni, Co, Pd,
Pt, Rh, Ir, and Au. Wien the raw material oil (feedstock) is an
animal or vegetable fat and/or a conponent originating therefrom
the hydrotreating catalyst contains preferably two or nore netals
sel ect ed themsuhef L eups e 8ACEND: Be mstugtmo ot taTed perilGHE cSPAIS e.
Exanpl e of such netals include Co-M, N -M, N-Co-MJ and N -W
Upon hydrogeratd ohonpmefteh ablhe thesa vetmbs adre, cohwardleg diov begi n
the formof sulfides before being used. Alternatively, when the raw

mat eri al {04 F1uEfreesst @ek)the a di xbure of £ am hani ®Bk aQry yeget abl e fat
and/ or a conponent originating therefromand a petroleum base oi

produced by refrigd ngyQrdfe Rhk i ddh& a fgtipee: L Ak alish Prof ef allsyt ke
or nore netal s sel ec¥ed fromthe G oup el enents. Anong these

oL o, MFre LSOk Lol S Ly e O MeaTRA, seL e
Lo PSSR ML LAELUR 20 Bl P e
or of o abl & RERSPAI s {DETOAS Hp A d T Eepig o Spp i Repgrique
Pt-Rn, Pté lrrnétlghf | Jr.hcl?decE)é_ ﬁq’, Pgél?t _Pl\cll,’ B@O,' PEgﬁFt _Ilrr,' and Au.

When the raw material oil (feedstock) is an animal
or vegetable fat and/or a component originating
therefrom, the hydrotreating catalyst contains
preferably two or more metals selected from the Groups
6A and 8 metals of the periodic table. Example of such
metals include Co-Mo, Ni-Mo, Ni-Co-MO, and Ni-W. Upon
hydrogenation, preferably these metals are converted
to be in the form of sulfides before being used.

Alternatively, when the raw material oil
(feedstock) is a mixture of an animal or vegetable fat
and/or a component originating therefrom and a
petroleum base 0il produced by refining crude 0il, the
active metal is preferably one or more metals selected
from the Group 8 elements. 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
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Further nore preferable exanples include Pd-Pt, Pd-Ni, Pt-N, Pd-Ir,
Pt-1r, Pd-Pt-Ni, and Pd-Pt-I1r. Upon hydrogenation, preferably these
netals are converted to be in the formof sulfides before being
used. There is no particular restriction on the method of supporting
the active nmetals on any of the hydrotreating catalysts. Therefore,
any conv%ﬁriptinalpd‘n%?ho%df'gﬁ“rplP PP d-Ddual taddiut fRI¥ 248t B —Au,
catalyst nmay be enployed. A nethod is preferably enployed in which
a supporkti&inpRbgiat edRWitH1 a Bdl-iti onIrcoht ai dimgNsal As1-ofit he
active nmetals. Alternatively, an equilibrium adsorption nethod,
pore-filPar@urRhodPd-oPtila pi ent- viet ABLES Net hodoire gbse fprrefler abl y
used. For exanple, the pore-filling nethod is a nethod in which the
pore vol 48R pAfn At $YRRPTH ¢ BuARaSU-ge: | re@dyance,r-xangd therithedq-1r,
support is inpregnated with the sane volune of a netal salt
sol utionp They e ps- pe  PREUIGY! aFq- peSid Ctp@npen i he Jmyhed-of — 1,
i npregnating the support wth a solution. Therefore, any suitable
£
[

net hod i t t Is.toshe

cupport e ERdE R APERE I Ol <! BR MIDHEE BhNF AL B o OPeE

of the feedst.ock,i,s rried t preferapl.y under ¢ L ti.qQns ere

hydrogen}ggp_)?qés’squ_ilglai nbf%ﬁeloﬁangggoﬁt Qgt% 133lq g,aojtnﬁ{é_lls}q‘ui \C/]W Sur
h
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to be in the form of sulfides before being used.
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t he
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There is no particular restriction on the method
of suppeorting the active metals on any of the
hydrotreating catalysts. Therefore, any conventional
method for producing a usual desulfurization catalyst
may be employed. A method is preferably employed in
which a support is impregnated with a solution
containing salts of the active metals. Alternatively,
an equilibrium adsorption method, pore-filling method,
or incipient-wetness method is also preferably used.
For example, the pore-filling method is a method in
which the pore volume of a support is measured in advance,
and then the support is impregnated with the same volume
of a metal salt solution. There is no particular
restriction on the method of impregnating the support
with a solution. Therefore, any suitable method may

be used depending on the amount of the metals to be
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and the hydrogen/oil ratio is in the range of 150 to 1500 NL/L, nore
preferably under conditions where the hydrogen pressure is in the
range of 3 to 12 MPa, the |iquid hourly space velocity is in the
range of 0.2 to 2.0 h-1, and the hydrogen/oil ratio is in the range
of 200 to 1200 NL/L, nore preferably under conditions where the
hydr ogen supssurted sannl tiheysdngel opréport@es dPathtehes hipga ot .
hourly space velocity is in the range of 0.25 to 1.0 h-1, and the
hydrogen/oil ratHie Hdkbt ddetiange foft T dod 080X N/ ¢4 .c&net eaf ctute
conditions is a factor exerting an influence on the reaction

activity.pFor ey euride Fhe dhydli egem Prepewes and rhydregen oil
ratio are | ess than the lower Iimts, the reactivity tends to

reduce, iV by n of 1 Hd it Yidkh 8gen
pressure and E&Jﬁﬁééhlgith%égﬁg&gicgggugﬁe %p&g%ytin§t§h§gn enornndé

plant invest gent, ofy t&ogg % gelgaxnb%f{ﬁ?rﬁégg of'- éhéqé“g ht

hourly sp ce veloc nor e €eous

reactions ver id url.y. spac veI I r

t han t he Ef%%e mdro‘%ﬂ qgnor?rg9 s fn ﬁvest ¥£f P8 to
constructl reactor wt Xtr r ol une

requi red Qﬁp EIIIFJIH di? 8 &S €e§6§’cefley | tf erg‘gég&sorfshe‘gﬁgﬁgr the
limt, e reactlon tends to roqeed |nsuff|C|en%I¥ h%ngggtlon
tenpemﬂ RALQF R BFFIST Y FI in the range o t the

liguid hourly space velocity is in the range of 0.2 to
2.0 h™', and the hydrogen/oil ratio is in the range of
200 to 1200 NL/L, more preferably under conditions
where the hydrogen pressure is in the range of 4 to 10.5
MPa, the liguid hourly space velocity is in the range
of 0.25 to 1.0 h™', and the hydrogen/oil ratio is in
the range of 300 to 1000 NL/1. Each of the conditions
is a factor exerting an influence on the reaction
activity. For example, if the hydrogen pressure and
hydrogen/ocil ratio are less than the lower limits, the
reactivity tends to reduce, and the activity tends to
reduce rapidly. If the hydrogen pressure and
hydrogen/oil ratio exceed the upper limits, an enormous
plant investment for a compressor may be required.
Lower liguid hourly space velocity tends to be more
advantageous for the reactions. However, if the liquid

hourly space velocity is lower than the lower limit,
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adjusted so as to obtain the deconmposition rate of the intended
heavy fraction of the feedstock or the intended fraction yield.
Furthernore, the reaction tenperatures in the pretreatnent catalyst
section and the hydrocracking catal yst section of the reactor can
be arbitrarily adjusted, respectively so as to suppress the oxygen
content @fh e WNSUiY |t anttr elat éd swintdin thd © pr epnedt meat icat abysta t o
a level lower than the aforesaid upper |imt. The average

t enperatueectot hel t hhwhesxeaetmorl ysl seyet vodamee ahdy e ame 450 reod .
480C, preferably from 220 to 400C, nore preferably from260 to

360C. |frehenhreactdqend emer ayusgdse | puebdhep ekie d ®¥et hki Rigpe the
reacti on would not proceed sufficiently. If the reaction tenperature

exceeds {hg i wUPPehel IMB4 et 8¥6LSSE N8 sdecOPPsaan yaYhG Pf oseed Apnd
the yield of the |liquid product would be reduced. The reactor may be
c

of a fixed bedypde.. JhR s, o AUAN ¥ BT VAL ROBR. Lo, LG Seprsto

may be carried out " 1hnt f "counter ow or paralle W.

| i vel fl d el fl . be - mbi '
Al'ternat | ¥$ ke SquDber t%vg%&%gﬁ;%hﬁgéje%é)?ﬁ’?%gsylf%gagtzgg ol ped, L

a plur al f he S

gener 2l Y, S, LLoje Sog Ll g coour gl 1L ou ey, be enpl oyed. The

readxnsinﬁgglég ???égggﬁtyigg%jIﬂﬁﬁ%%%é?ﬁg?gaa%he reaction
temperatures in the pretreatment catalyst section and
the hydrocracking catalyst section of the reactor can
be arbitrarily adjusted, respectively so as to suppress
the oxygen content of the distillate treated with the
pretreatment catalyst to a level lower than the
aforesaid upper limit. The average temperature in the
whole reactor is set to generally from 150 to 480°C,
preferably from 220 to 400°C, more preferably from 260
to 360°C. If the reaction temperature is lower than
the lower limit, the reaction would not proceed
sufficiently. 1If the reaction temperature exceeds the
upper limit, excessive decomposition would proceed and
the yield of the liquid product would be reduced.

The reactor 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
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into a plurality of catalyst beds may al so be enployed. 1In the
present invention, the distillate hydrorefined in the reactor is
fractionated into predeterm ned fractions through gas-Iliquid
separation and rectification. Thereupon, if noisture is produced in
associated with the reaction and the sul fur conponents are contained
in the oidombibed rbatadp Ly byey ol fieiectionys be Thresatrpll y mode
Therefore, a gas-liquid separation device or any other by-produced
gas renovaf dbei deedytdieki Dst aldreer bétlweedotine Pl owal i Grofliquid
reactors or in the product recovering step. Hydrogen gas is

gener al | y=d diredicedf B0 e §i b8t emElasy el Vi *héSredlor may be a
acconpanyi ng the feedstock, before or after the feedstock passes

through a hgglientre fBiRACE, rAlat e Habli VR i oRY B PU8N pQasr ARY the of
i ntroduced fromthe spaces between the catal yst beds or between a

plurality.of ~reatd or safof nhe g%%%@? vPIthC@H%rPﬂP]He'}QéP%egmented

tenmperature In the reactors an mal ntal ni ng the ydrogen pressure

"7 is relarpon RN Sy A QHRRPS S A AEN L 4 e S BB

erre 0 as ratio o

auenchi ng: 1yek 098 .o, L e, udragen .| ntroduged. ; 1ace00PR0Y N0 LB nea

f eedst ock |stp eraply from ercent by v

FLgf F[)aglr%/?{ %‘?’trg \}gﬁ%gt%or pje.‘\rsceﬂtacg% ovnoaI éjgﬂa i-l;'lhteor %trieodg\[, elr%sisnégan
fractions through gas-liquid separation and
rectification. Thereupon, if moisture is produced in
associated with the reaction and the sulfur components
are contained in the 0il to be treated, hydrogen sulfide
may be generated. Therefore, a gas-liquid separation
device or any other by-produced gas removal device may
be installed between the plurality of reactors or in
the product recovering step.

Hydrogen gas is generally introduced into a first
reactor via its inlet, accompanying the feedstock,
before or after the feedstock passes through a heating
furnace. Alternatively, hydrogen gas may be
introduced from the spaces between the catalyst beds
or between a plurality of reactors for the purposes of
contrelling the temperature in the reactors and

maintaining the hydrogen pressure over the whole

reactors. Hydrogen to be introduced in such a manner
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cause a tendency that the reaction at reaction sites in the
subsequent stages does not proceed sufficiently. The ratio in excess
of the upper Iimt would cause a tendency that the reaction near the
inlet of the reactor does not proceed sufficiently. If necessary, in
addition to the above-described catalyst (hydrotreating catalyst), a
guard catal ysferacdems A3 i zZauparthndl Pdraaandn i nehe fialtier ofy
be used alone or in conbination for the purposes of trapping scale
fracti onshel e egchntrod t hey dreageor Lo atbendgand ed gwitt hi nhe ddedstack
and supporting the hydrotreating catalyst at portions segnenting the
cat al ystabedsnp Jhydugh tithe fbeda theskri bed rprfaeedbngs £ raobals@ Hase 0
oil (environnent friendly base gas oil) is produced, which has a 90%

di stillabberdeimeyf At emaf, R6RG Piref OWEL1 @ FHUH Urs €NEBNL eGfc 4P

ppm by nass or |less, and an oxygen content of 1 percent by nass or

| ess. " The, 028) Oirle COMPASI 19N 0T £ 18 A SeNk dPentien 15antaLs, 20

to 80 percent by vplune of suc ase gas -28 ol e present

et g B BB PATRILAL R LS e bR T e

mxing any of Jt0gy ANOYENENVLLQUBY, L1001y, BRRR P% A &1 Wi §.
The ratio in excess of the upper limit would cause a
tendency that the reaction near the inlet of the reactor
does not proceed sufficiently.

If necessary, in addition to the above-described
catalyst (hydrotreating catalyst}, a guard catalyst,
a demetallization catalyst, and an inert filler may be
used alone or in combination for the purposes of
trapping scale fractions flowing into the reactor,
accompanied with the feedstock and supporting the
hydrotreating catalyst at portions segmenting the
catalyst beds.

Through the above described procedures, a base gas
0il (environment friendly base gas ©0il) is produced,
which has a 90% distillation temperature of 360°C or
lower, a sulfur content of 10 ppm by mass or less, and
an oxygen content of 1 percent by mass or less.

The gas oil composition of the present invention

contains 20 to 80 percent by volume of such a base gas
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hydrorefined oil produced by refining crude oil. The mx ratio of

the environnment friendly base gas oil is from20 to 80 percent by
vol une, preferably from30 to 60 percent by volune. Exanples of the
hydrorefi ned oil produced by refining crude oil include petrol eum

hydrotreated oils having a gas oil fraction refined from crude oi
and thoselhaving a kerosene fraction refined fromcrude oil.
Exanpl es of the petrol eum hydrotreated oils having a gas oi
fraction refindd frioen pruwdeent| iimcénde orhyds oymeated]l gasmypd siandn
hydr odesul furi zed gas oils, produced by hydrotreating petrol eum

hydr ocar pdsi sERets @l ene By doeoss bRAs S\ Ngpa rddise ide Fracd @y the
refined fromcrude oil) such as straight gas oil obtained from an

at mospherd e disit lilAF L AR 1WH tnd ProeChYdRIPELd ¥ICHUR UR§ Qhly Brodused
by treating straight heavy oil” or residue obtained from an

at mosphergg, di & \H?tﬁg’l ! i tf1ri-é1nal\ﬂﬁck':f%g1edi éyl _L)%Ltgli§nww3iht 5 and

catal ytic-cracked or ocracked ol | “produce

tal ytig- i ng. h i i '
CaLel Y1) GERRY.D8, KL GH AG YOS ISR £ 0L By, e
rav 19, ¢ A Ch RS E bR B emCRR Al BOU s 01 s

from 20 to 80 percent by volume, preferably from 30 to
60 percent by volume.

Examples of the hydrorefined oil produced by
refining crude oil include petroleum hydrotreated oils
having a gas oil fraction refined from crude oil and
those having a kerosene fraction refined from crude
oil.

Examples of the petroleum hydrotreated oils
having a gas oil fraction refined from crude oil include
hydrotreated gas oils and hydrodesulfurized gas oils,
produced by hydrotreating petroleum hydrocarbons
(petroleum hydrocarbons having a gas oil fraction
refined from crude o0il) such as straight gas oil
obtained from an atmospheric distillation unit for
crude 0il, vacuum gas 01l produced by treating straight
heavy o0il or residue obtained from an atmospheric
distillation unit, in a vacuum distillation unit, and

catalytic-cracked or hydrocracked oil produced by
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hydr ot reati ng petrol eum hydrocarbons (petrol eum hydrocarbons havi ng
a kerosene fraction refined from crude oil) such as straight

ker osene obtained froman atnospheric distillation unit for crude
oil and hydrocracked kerosenes co-produced with hydrocracked gas
oil. These petrol eum hydrotreated oils may be conposed by blending a
pIurM|t9aG@%%$18ﬂC4?§5ﬁQﬂ1%és@y&q%cr§ﬁ§%ﬁ%lﬁﬁﬂqu £ aWer oBeRe
fraction base oils to such an extent that the predeterm ned

condi ti ofslarer dasiskifedizmdefnatl vely, synthetic gas oils and
synt heti c kerosenes synthesized fromnatural gas, asphalt, coal or
bi omass nmay alB»abe lusedo fHydn et peat r od eafm thedpett oé eumdydi agar bon
having a gas oil fraction is generally carried out under the

condi ti ongvafn@ se&E+O8eheNPef aturio®f rbAli A6d320Gm a iyl ogen
pressure of 2 to 10 MPa, an LHSV of 0.1 to 2 h-and a hydrogen/oil

ratio ofla%qut@e8@1%\Mﬁreaoc_r@aembdds@nre%a tenfempepgture of 175
to 300C, a hydrogén pressure of 2. a, an LHSV of 0.2 to -30

1.5 h-1, pg@%atiﬂxqr {a9f /Egtf@ibgn{)fh%gg &agggeﬁugpﬁt feum

preferab reaction erature of rogen

s e gL 30 LR B0 LY OL ORI AN D B e eor

hydr ogen i0o Iomer reactlon enpera
s advané%%ﬁﬁ¥:3195 such as straight kerosene obtained from an
atmospheric distillation unit for crude o0il and
hydrocracked kerosenes co-produced with hydrocracked
gas oil.

These petroleum hydrotreated oils may be composed
by blending a plurality of gas o0il fraction base oils
and a plurality of kerosene fraction base 0ils to such
an extent that the predetermined conditions are
satisfied. Alternatively, synthetic gas o0ils and
synthetic kerosenes synthesized from natural gas,
asphalt, coal or biomass may also be used.

Hydrotreating of the petroleum hydrocarbon having
a gas o0ill fraction is generally carried out under the
conditions of a reaction temperature of 170 to 320°C,
a hydrogen pressure of 2 to 10 MPa, an LHSV of 0.1 to
2 h'', and a hydrogen/oil ratio of 100 to 800 NL/L,

preferably a reaction temperature of 175 to 300°C, a

hydrogen pressure of 2.5 to 8 MPa, an LHSV of 0.2 to
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hydr ogenation but is not preferable for desulfurization. Higher the
hydrogen pressure and hydrogen/oil ratio, nore desul furization and

" hydrogenation are accel erated. However, their econom cal optinmum
points exist. A lower LHSV is advantageous for the reaction.

However, a too |ow LHSV is disadvantageous because an enornous pl ant
i nvest nert- ok tongnduct itnde aen éadtlorr kil 1 ak 98 twol@fh@ N&/1,
requi red. Hydrotreating of the petrol eum hydrocarbon having a

ker osene doretp on fiexr geher al t gacdrireo ed emp eureden rehef tHAIE bI DAY °¢T, a
reaction tenperature of 220 to 350C, a hydrogen pressure of 1 to 6
MPa, an LHSVyafrdydntpreldsbre cmd3lathydr agea/,oidn reHse aff 10. 30 390
NL/L, preferably a reaction tenperature of 250 to 340C, a hydrogen

pressure 10f 22ntd, SalRA.a ay bV O /& it10 AHrholo £ andoathy dy®gentoil.
ratio of 30 to 200 NL/I, nore preferably a reaction tenperature of

270 to 330C ogrehyALagen Phese e ht4id® 4sMaivantddidoals ZX4p 10
h-1, and a hydrogen/oil ratio of 50 to 200 NL/L. A |lower -31

reactionlgfgggr IygFFE§lng§ngggeQH§ &ggﬁggq%ggggaEkgp but is not

pr ef er abl e esul furization. H ghe ogen pressure and

Ty ger kbR, STV e ZBL A, 200 BULEHoBYL 00,05 e
hydrogen/oil ratio, more desulfurization and
hydrogenation are accelerated. However, their
economical optimum points exist. A lower LHSV 1is
advantageous for the reaction. However, a too low LHSV
is disadvantageous because an enormous plant
investment for construction of a reactor with a large
volume is reguired.

Hydrotreating of the petroleum hydrocarbon having

a kerosene fraction is generally carried out under the
conditions of a reaction temperature of 220 to 350°C,
a hydrogen pressure of 1 to 6 MPa, an LHSV of 0.1 to
10 h™*, and a hydrogen/oil ratio of 10 to 300 NL/L,
preferably a reaction temperature of 250 to 340°C, a
hydrogen pressure of 2 to 5 MPa, an LHSV of 1 to 10 h™*,
and a hydrogen/oil ratio of 30 to 200 NL/1l, more
preferably a reaction temperature of 270 to 330°C, a
hydrogen pressure of 2 to 4 MPa, an LHSV of 2 to 10 h™?,

and a hydrogen/oil ratio of 50 to 200 NL/L. A lower
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| ower LHSV i s advant ageous for the reaction. However, a too |ow LHSV
i s di sadvant ageous because an enornous plant investnent for
construction of a reactor with an extrenely large volune is

required. The hydrotreating unit may be of any structure, and a
single or a pluralit reactors in conbination be used.

Ty L ogert R e BT APGTA § 5 ot PGHIEEA L T 6 AhE TpRres beensdi an
plurality of reactors. The hydrotreating unit may be provided with a
gas- i quPHt &8pBPAt Pat Sysadharfar W@Fégefrﬂléhlzﬁltdém enolalgsg 5t tehe
The reaction systemof the hydrotreating unit is preferably a fixed
bed systkepdridaengeraemyube su@phivetr ogecolnt ér fiagwi oy parael el flow
wWth respect to the feedstock. Wien the hydrotreating unit has a

pl uralityesfulreaet aras; i caurired f hgw radgle partal d gl afdeovacoeyl deated.
conbi ned. The supply node of the feedstock is generally down flow

and is ppgheradly arasr! e@HdomeQRGHr r 8pk fh @ pBRMey ¢ By dhogen gaa may
be supplied as quencher into a mddle portion of a reactor for the

purposesletqerxermnglgh@de%cttagaohh%atf&r dEreagERY s32 thB WAL pgen
partial pressure. The catalyst used for hydrotreating conprises a

hydrogenat | gy 3c{,) Viey Bt gls %‘PQQB%%%P%g%oQPé %‘é aPPOL L, - ei'{%ernPcS’uQUS

support nmay be a porous inorganic OXI o0sed of mai nly alumn

Exmnﬂes 9%§€minvestment for construction of a reactor with an

extremely large volume 1s required.

The hydrotreating unit may be of any structure,
and a single or a plurality of reactors in combination
may be used. Hydrogen may be additionally introduced
into the spaces between a plurality of reactors. The
hydrotreating unit may be provided with a gas-liquid
separation systemor a hydrogen sulfide removal system.

The reaction system of the hydrotreating unit is
preferably a fixed bed system. Hydrogen may be
supplied in counterflow or parallel flow with respect
to the feedstock. When the hydrotreating unit has a
plurality of reactors, counterflow and parallel flow
may be combined. The supply mode of the feedstock is
generally down flow and is preferably a gas-liquid
cocurrent flow mode. Hydrogen gas may be supplied as
guencher into a middle portion of a reactor for the

purposes of removing the reaction heat or increasing

-32-



i norgani c oxide include alumnna, titania, zirconia, boria, silica,
and zeolite. In the present invention, the support is preferably
conposed of alumna and at |east one type selected fromtitania,
zirconia, boria, silica, and zeolite. There is no particular
restriction on the nethod of producing the support. Therefore, there
may be erployby dgdaet Fr bdiedg PaEFS St @rials in the formof sols
or salt conpounds each containing any of the el enents.

Al ternatively, Tthe catpporstnapeik poepayelrbyreartning acourpliees a
oxi de or hydroxide such as silica alumna, silica zirconia, alumna
titani a, isydeagdidsnion a0dialdinhedalorsapard tédenrmddi pgraiuany
step alumna in the formof alumna gel, a hydroxide, or a suitable

sol ution.g BB, Caphebg oG A gl@?plo&@wapeﬂsée@t@@@om athet g@xi ides
on the basis of the porous suppor However, the content of alum na

is pref er&@i&eg%&ﬁ{a‘é%@d b&!frr%%mgl &S5y mAPE. péﬁéﬁmtéy B¢ &eﬁéent

by mass or |ess e preferably 40 percent by nass or less, of the

suppor t f&Bﬁér §009<0Mét%%31@&9 fafl%mpaa' VSt 5 858 0t panid GHhar! v

33 restricted ng as the properties o the ¥ ee stock “are

satisfi ed, o Zeq s 3,CLhe aldd e gl umip i TgaL e PIAPLES 9%,

the crys ind structu Nl G auj asi asi’|

mﬂdenlte The“%ﬁeo IHS preferably composed of alumina and at

least one type selected from titania, zirconia, boria,
silica, and zeolite. There 1is no particular
restriction on the method of producing the support.
Therefore, there may be employed any method using raw
materials in the form of sols or salt compounds each
containing any of the elements. Alternatively, the
support may be prepared by forming a complex oxide or
hydroxide such as silica alumina, silica zirconia,
alumina titania, silica titania, and alumina boria and
then adding at any step alumina in the form of alumina
gel, a hydroxide, or a suitable solution. Alumina can
be contained in any percentage to other oxides on the
basis of the porous support. However, the content of
alumina is preferably 90 percent by mass or less, more
preferably 60 percent by mass or less, more preferably
40 percent by mass or less, of the support mass. These

conditions and the catalyst are not particularly
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may be those ultra-stabilized by a specific hydrothernmal treatnent
and/or acid treatnment or those whose alum na content is adjusted.

Preferred zeolites are those of faujasite and nordenite types, and
particularly preferred zeolites are those of Y and beta types. The

zeolites of Yty E)e are preferably wultra-stabilized. The

ul tr a- st BBt 280 el%’égeasatrﬁ%rferBF&El%Fr adt dhe peearisdrock
thereto, so-called mcro pores of 20 A or snmaller and al so newy

f ormed @éﬁe§4%lﬁﬁé€r@nge of 20 to 100 A. The hydrot hernmal

treatment nay be carried out under known conditions. The active netal
of the catal ysieuded € ot s lydroyiseatl hgnies at ulnéast oné inetaé .
selected fromthe Goup 6A netals of the periodic table, preferably

at | eastxanp Netalo Set ket ed § £ omINDi @ad sWrdbeuvaes i vec lneial may be
a conbination of the Goup 6A netals and Goup 8 netals,

speci fi cahly 25 coabi r}f’éh@@ sof 1 Mo arg Who 216 0t er. Nih a6 h 225 Cpt M,
Co-W N -M, N -W - Mo, and Co-Ni -W The metal sources of these

net al s b I pgrgani Se 0L t4C i ch have
-34 beennﬁi}éc{f\)gn\e?eent?gnalIyﬁ&i:zrldat %ﬁgb%eo{rﬁgg)&oﬂupp%?ﬁﬁggt%f%m metal may

b d
fgl’ ke %Vogenah OﬁqLéCat m%gﬁng P Ilu%pa %?;E%%%g/ﬁléccra&rlﬁ %(Sjgg

fggpg;;g&' NP Y S CSVRRLL el UpA 9 8 1 Xl el ] 9Dt e 2
are those of faujasite and mordenite types, and
particularly preferred zeclites are those of Y and beta
types. The zeolites of Y type are preferably
ultra-stabilized. The ultra-stabilized zeolite have
a micro porous structure peculiar 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.
The active metal of the catalyst used for
hydrotreating is at least one metal selected from the
Group 6A metals of the periodic table, preferably at
least one metal selected from Mo and W. The active
metal may be a combination of the Group 6A metals and
Group 8 metals, specifically a combination of Mo or W
and Coor Ni, such as Co~Mo, Co-W, Ni-Mo, Ni-W, Co-Ni-Mo,
and Co-Ni-W. The metal sources of these metals may be

inorganic salts or complex salt compounds which have
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time. Alternatively, a plurality of nmetals nay be supported using
sol utions each containing any of the netals one after another. These
nmetal solutions may be aqueous solutions or those produced using an
organic solvent. The netal (s) may be supported on the porous

support after conpletion of all the steps for preparing the support.
Al t er nat ibvee¢ g, coheemst b ()l Imay doed . suffper ned hord thie sparpas tsuppdrite
in the formof a suitable oxide, conplex oxide or zeolite produced
at the iméeadediaatdstagy aff tthet poejmratcan agf irmeeperious asdpparnd
and then may be subjected to gel-preparation or heat-concentration

and kneadd igh ahhes v § cho aded th EHAK onesd M ¢d kel edia t he mung 1 yaft .
the active netal (s) to be supported. However, the anmount is fromO.1

to 10 perpesh QyPrIaﬁsamw &5 8bh¥ ¢ 1O Pe 15 ulfp Sr BRGEN L BY FBSS be
nore preferably from 0.2°to 3 percent by nass on the basis of the

cat al yStd-sd%B%-rtTé‘& E%uctr%’sé b AU & €630 4 Hﬁe@h?rﬁ%f' fa d s'the?’éame

Subj ecte a pre re on treatment un era ogen stream

general , é{lﬁeact i€ gggl%l Jtigl%e g%]ﬁ&t;ﬂ é’r J‘Ea}ne%t Qof&ag; at[>| ng

hi gher i n accordance with r edet erm ned ocedures, ¢ire

a gaS(anang1 egydro 9J€¥€n%emJéﬁ coﬁ¥§¥Xl%§”£ﬁ990f the

metals one after another. These metal solutions may
be agueocus solutions or those produced using an organic
solvent.

The metal(s) may be supported on the porous
support after completion of all the steps for preparing
the support. Alternatively, the metal({s) may be
supported on the porous support in the formof a suitable
oxide, complex oxide or zeolite produced at the
intermediate stage of the preparation of the porous
support and then may be subjected to gel-preparation
or heat-concentration and kneading.

There is no particular restriction on the amount
of the active metal(s) to be supported. However, the
amount is from 0.1 to 10 percent by mass, preferably
from 0.15 to 5 percent by mass, more preferably from
0.2 to 3 percent by mass on the basis of the catalyst

mass.

The catalyst is preferably used after it is
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hydr ogenati on activity. The gas oil conpositions of the present
invention are those containing 20 to 80 percent by volunme of the
above-descri bed environnent friendly base gas oil and having a 90%
distillation tenperature of 360C or |ower, a total aromatic content
of 15 percent by volunme or less, a cetane index of 45 or greater, a
sul fur cHRAPARCBRd 40 HFHA DYL AELLS bt ONek & & adiMoRfgeh degheehy dgfogen
percent by mass or less, a fatty acid al kyl ester content of 3.5
percent Hyresss. or Ihegsneams hei dhruabdri oé Metdl (mKEH g Dubless;ed
met hanol content of 0.01 percent by nass or less, a triglyceride
content b O.<lblt parcent(°ly gmskighd essn andcamdarcceasd i agied
nunber after an oxidation stability test of 0.12 ngKOH g or | ess.

The gas gtk GIPesiitd D% 106 cLhe f& £5ent rcvent L Ag agfﬁ'éa&élﬁtainin
substantially no chlorine. If chlorine is contained in the gas 0|?

CO”pC’SitlilgBmc} é‘ﬁeair§dt'ﬁ'ﬁerpoééhlaidéci}I’_hE'Px%tré‘QSz”felﬂeEH%tgances such

as dioxin geherate 1 n exhaust gas. e term“chlorines™ used

ot hod 1 SERAST a1 b G o 5Y1ide fon quant| Lat | ve anal ysi 8-

i'de ion quantitative analysis

hod (i ". _The t. "sub ial |l . chl or.i ne"
Teans that t hot RERPAS NG LEALERT Sd 1HRE Than6 BTaRABY HaSE B Che

basis of the total anmount, of th as ojl conposition.
are those containgng %éyto é& peg%ent by volume of the

above-described environment friendly base gas oil and
having a 90% distillation temperature of 360°C or lower,
a total aromatic content of 15 percent by volume or less,
a cetane index of 45 or greater, a sulfur content of
10 ppm by mass or less, an oxygen content of 1 percent
by mass or less, a fatty acid alkyl ester content of
3.5 percent by mass or less, an acid number of 0.13
mgKOKE/g or less, a methanol content of 0.01 percent by
mass or less, a triglyceride content of 0.0l percent
by mass or less, and an increase in acid number after
an oxidation stability test of 0.12 mgKOH/g or less.
The gas oil compositions of the present invention
contains substantially no chlcocrine. If chlorine 1is
contained in the gas o0il composition, there is the
possibility that harmful substances such as dicxins
generate in exhaust gas. The term “chlorines” used

herein refers to those measured in accordance with
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The sul fur content of the gas oil conpositions of the present
invention is necessarily 10 ppm by mass or |less, preferably 5 ppm by
mass or less, nore preferably 3 ppmby mass or |ess, nore preferably
1 ppmby nass or less with the objective of reducing poisonous

subst ances exhausted from an engine and inproving exhaust-gas

post - pr oc e8P hd sy shefnhsed f §Praniced U STHel a sumaly € Eothel? r iisled heRei n
denotes the mass content of the sul fur conponents on the basis of

t he totalguwassitoft Avgasa il ysdnposietinond médasur edhice ectogdanmdey W't-h
JIS K 2541 "Crude oil and petrol eum products-Determ nation of sulfur
content" . THhet@nmgensabd eahtdfal he gas ohl ccdnpedi messothdthethe
present invention is necessarily 1 percent by nmass or |ess,

pref er abloh 008 ipes ceph tn fass ared €sshawre. 1ppfervpl mak s 6operaant
by mass or less, nore preferably O . 4 percent by nass or | e s s ,

most prefieg ablsy ok Zhoeteenl PMoNRSS Of L B8SgaM 1 1heoaly &1 LY Of
i nproving oxidation stability. The oxygen content can be neasured

win 2 conventignels gl enenial apshysis cdeyices 697 Eguyamond

oxygen content is neasured converting a sanple on pl atl num car bon

to COor fyLt ‘Eresetrft Th %&dcfgﬁs ”B%é §s [E‘H{i’%ffé‘ 58“1095111%%@ or

t her nal conduct’i Vi "as

conposi “P“Ss?f ptrheeferably 5 ppm by mass or less, more preferably

3 ppm by mass or less, more preferably 1 ppm by mass
or less with the objective of reducing poisonous
substances exhausted from an engine and improving
exhaust-gas post-processing system performances. The
sulfur content used herein denotes the mass content of
the sulfur components on the basis of the total mass
of a gas 0il composition measured in accordance with
JIS K 2541 "Crude o0il and petroleum
products-Determination of sulfur content".

The oxygen content of the gas ¢il compositions of
the present invention is necessarily 1 percent by mass
or less, preferably 0.8 percent by mass or less, more
preferably 0.6 percent by mass or less, more preferably
0.4 percent by mass or less, most preferably 0.2 percent
by mass or less, with the objective of improving
oxidation stability. The oxygen content can be

measured with a conventional elemental analysis device.
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present invention is preferably 45C or higher. If the flash point is
| ower than 45C, the conposition can not be handled as a gas oi
conposition for safety reasons. For the sanme reasons, the flash

poi nt is preferably 50C or higher, nore preferably 55C or higher,

nor e f er abl gher. The flash point referred erein
denotes H§\ﬁﬁ%@piﬁz FE8|9#¥88&%ﬁﬁEE thSJﬁ§%§?§@§thude oi |
and petrol eum products-Determ natjon of flash point". The cetane

i ndex of PR YakiBid AcHAPEL: € i UhP b L mEn FTR5RAN tRVERt Pénfug ther
preferably 45 or greater. If the cetane index is |ower than 45, it
is likelyotht anHeme@soent ngt toues agfo PVt Bheeryeésy s ang ROK hiertdd
exhaust gas woul d be increased. For the sanme reasons, the cetane

i ndex i scpnefiesabky 48 detgrender.,, nore preferably 51 or greater
The cetane index used herein denotes the value calculated in

accordance witfihe8r4a1f tndexc Bal ulsablian cEMHOd 1 usi dygs VaE | ehkes
equation" prescribed in JIS K 2280 "Petrol eum

pr oduct sp Fuel & Pef g Bniad b A QPPQE%&%H‘PW@SPC%EWE ghd nun@%ftﬁed
alculatlon of cetane index". The cetane ndex definéed by the JIS

st andar d%la%rgﬁk?{ﬁ%' Y s3PBLIcSA ¢ H £ 925 o 01 | t%%”%%r%k%&g,;”c%&x‘?t@é‘ﬁ not

nunber | nprove wever, in the resent I nventi

i ndex  cgleylLald P0q"EL hé)dgélé'5'91"85&?:%5&%%3%'00? sdfety reasons.

For the same reasons, the flash point is preferably 50°C
or higher, more preferably 55°C or higher, more
preferably 58°C or higher. The flash point referred
herein denotes the value measured in accordance with
JIS K 2265 "Crude o0il and petroleum
products-Determination of flash point”.

The cetane index of the gas oil compositions of
the present invention is preferably 45 or greater. If
the cetane index is lower than 45, it is likely that
the concentrations of PM, aldehydes, and NOx in the
exhaust gas would be increased. For the same reasons,
the cetane index is preferably 48 or greater, more
preferably 51 or greater. The cetane index used herein
denotes the value calculated in accordance with "8.4
cetane index calculation method using variables
equation" prescribed in JIS K 2280 "Petroleum

products-Fuels-Determination of octane number, cetane

-38-



applied to a gas oil containing a cetane nunber inprover, and the
val ue obtained thereby is also defined as cetane index. The cetane
nunber of the gas oil conpositions of the present invention is
preferably 52 or greater, nore preferably 54 or greater, nore
preferably 55 or greater. |f the cetane number is |ower than 52, it
is |ikel pUmaer oed ceadantlations of ROLaPM Afdex dehyd&e vwoatd R
increased. There is no particular restriction on the lower limt of
t he cet anendanbae f ikowevey ,t wk thl § het aokjaecd §vies gf e nedudi hy apndk ed
snoke in the exhaust gas, the cetane nunber is preferably 90 or

| ower, nure gprsefet Abky B8a dnilroyene oy tea peefrarmbey 8mpr olvaner .
The gas oil conpositions of the present invention can be increased
in cetangiswigherr byi addhnrg ¢ heselnx ahnvadaolehe aroudt ceft an et ane x
nunber inprover, if necessary. The cetane nunber used herein denotes

the cetaige]l Bunher ;i PRASHE €odn @Qﬁgdmp@l Wollhe s 7e g@ettaNen "nunder
test method" prescribed in JIS K Pet r ol eum

product s-Fugh et y Bl Paki 9010f - AeANE AYMRE& e t GBIARGMIAOY rmﬁrp%vae&d
cal cul ati on of cetane index". The density at 15C of the gas oil

cOMpOSi t1603 0L FhenRr 6BeNts hoUCOR Lo 5 Y shefablyr 790 akomB sorn e

hi gher, nore prefera her, nore preferabl
kg/ cnB oplﬁaggqr with the objective of

The cetane number of the gas 0il compositions of
the present invention is preferably 52 or greater, more
preferably 54 or greater, more preferably 55 or greater.
If the cetane number is lower than 52, it is likely that
the concentrations of NOx, PM and aldehydes would be
increased. There is no particular restriction on the
lower limit of the cetane number. However, with the
objective of reducing black smoke in the exhaust gas,
the cetane number is preferably 90 or lower, more
preferably 88 or lower, more preferably 85 or lower.
The gas oil compositions of the present invention can
be increased in cetane number by adding thereto an
adequate amount of a cetane number improver, if
necessary. The cetane number used herein denctes the
cetane number measured in accordance with "7. Cetane
number test method"” prescribed in JIS K 2280 "Petroleum

products-Fuels-Determination of octane number, cetane
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retaining the calorific value. The density is preferably 850 kg/cnB
or lower, nore preferably 845 kg/cnB or |ower, nore preferably 840
kg/cnB or lower wth the objective of reducing NOx and PM em ssi ons.
The density referred herein denotes the density nmneasured in
accordance with JI§ K 2249 " Crude gﬁ%roleun1 and petrol eum

pr oduct s?BEES i AGE onf OF Udehst o7 CH&MABT edMIAfasUr enent t abl es
based on a reference tenperature°§15c “. The gas oil conpositions of
the present inVBRtiIAGTShave afecessaridly Shéh IR 3 ubiilcaamgositions
performance that the HFRR wear scar dianeter (WB1.4) is preferably
410 pmof $hed | presmre prefentbloy 409 prmedie sablllver?50f kgt /fem HARR
wear scar dianeter (WSl .4) is greater than 410 rim the conposition
woul d cahseghse 1) eselr engiree e eqbilppets i thy Acdr sbiri hui ghe rt,ypgore
injection punp in particular to be increased in driving torque and

in wear poR RAEALPA t7 D6 kBY WD Wh | ghtehte wenghnNehies dlsh ¥t ive of
possi bly | eading not only to degradati on of the exhaust gas

propertigg cutn 8hso tiwet b 1y eakdown, 9 uthe epging e tisald. Al so

in an electronically controlled fuel injection punp enablinga high
pressure,i-RQ&ctLAn, a the slidingeparts,ywauld -4 pkel cyr,
The HF aggﬁgs%arShwgngtégﬂQVBl.4f ré?e?red %ereﬁﬂrdenofﬁg hg45

'Ubridtng%ﬁﬂ”gg h%f@f?rﬁgyg preferably 840 kg/cm® or lower

with the objective of reducing NOx and PM emissions.
The density referred herein denotes the density
measured in accordance with JIS K 2249 "Crude petroleum
and petroleum products-Determination of density and
petroleum measurement tables based on a reference
temperature (15°C)".

The gas oil compositions of the present invention
have necessarily such a lubricating performance that
the HFRR wear scar diameter (WS1l.4) is preferably 410
pm or smaller, more preferably 400 pm or smaller. If
the HFRR wear scar diameter (WS1.4) is greater than 410
pm, the composition would cause a diesel engine
equipped with a distribution type injection pump in
particular to be increased indriving torque and in wear
on each part of the pump while the engine is driven,
possibly leading not only to degradation of the exhaust

gas properties but also to the breakdown of the engine
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with JPI-5S50-98 "Gas oil -Testing Method for Lubricity" prescribed
in JPI Standard and Manuals Testing Method for Petrol eum Products
publ i shed by Japan PetroleumlInst. The total aronmatic content of the
gas oil conposition of the present invention is necessarily 15
percent by volunme or_less, with the objective_of enhancing the

envi r onnelrft ¢ dad HﬁﬂﬁPndQﬁ?@cﬁ%%ﬁﬁroﬂ&ﬁﬁiﬁgI@&néﬁ@#ﬁﬁdTﬁ¥el
aromatic content used herein denotes the volune percentage (vol une
% of thenheokatde ICoMPERAP 1o enh lisdapuresis E cadBaraahéenw pigar
JPI -5S-49-97 "Petrol eum Product s-Determ nati on of Hydrocarbon

Types- H gin Pehforsiande ng quad t <Chw ométdogt apky'y peesarr bed in JPI
Standard and Manuals Testing Method for Petrol eum Products published

by Japan PetrdresinHFRR .wdhe wat&F enimeteafl tWelgas) orkferred
conpositions of the present invention is necessarily 300 ppm by

volume ofeless PEgberaabl ¥h250 ppmiky v ﬁ' HER Nirkass,n ME€ordance
preferably 200 ppm by volune or less with the objective -41 of

SUNNeSQd@tﬁdW¥§35§U3ﬂi§80Wd%@t%f%thé%ﬁ%ﬁ?eMeﬁﬁ@h @or
hydrol ysis of ester conpounds. The water onteni referred herein

denotes thepwq rt ontent s defdediby F8H K24/ Par Q"Léq'?dOMlarﬂP&ils

petrol eum pro uct -Déeterm nati on of water content
Testing Method for Petroleum Products published by

Japan Petroleum Inst.

The total aromatic content of the gas oil
composition of the present invention is necessarily 15
percent by volume or less, with the objective of
enhancing the environment load reducing effects and
reducing NOxX and PM. The aromatic content used herein
denotes the volume percentage (volume %) of the
aromatic component content measured in accordance with
JPI-55-49-97 "Petroleum Products-Determination of
Hydrocarbon Types-High Performance Liquid
Chromatography" prescribed in JPI Standard and Manuals
Testing Method for Petroleum Products published by
Japan Petroleum Inst.

The water content of the gas oil compositions of
the present invention is necessarily 300 ppm by volume
or less, preferably 250 ppm by volume or less, more

preferably 200 ppm by volume or less with the objective
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Wth regard to the distillation characteristics of the gas oil
conpositions of the present invention, the 90%distillation
tenperature is preferably 360C or |ower, nore preferably 340C or

| ower, nore preferably 330C or |ower, particularly preferably 320C

or lower. If the 90%,distillation t erature exceeds the upper
Vimt, th SHISSTORS 161 MR ERE A Ae- L PaFe Ao bbb dSPAdt Gvd Fifel
90% distillation tenperature is preferably 280C or higher, nore

pr ef er abF § N¥85TY oP YK Ighel S Ifor @ £ pleetle? BbIcyPmooEnsks - hi Gher ¥ albpe s
preferably 295C or higher. If the 90% distillation tenperature is

| oner t haanttlent owerf ¢ 1 nietd, he he imesignpitg cohpesivd barwsuimt £aitl to
attain a sufficient fuel consunption inproving effect, resulting in
t he t endéady riddt biyhel BAgKNe DubpiitC fsder ediut edn dThee 808%Ildiwhi | | ati on
tenperature referred herein denotes the val ues neasured in

accor dange oW dt s 1IDS te 2234 2 Pebhol efimy aredtice snbeirer m, nati on of
distillation characteristics". There is no particular restriction on

the -42 r kingah ¢eodseasitty @he30€afi 1 DE tdasn Okh aGWOS i isaNSc s Of
t he present invention.” However, the kinematic viscosity at 30Cis

8; 2‘;?;?%%0%?%;83%?%%%%&% 854t fOLE BBl YedehtMRh §eAt ion,
the 90% distillation temperature 1s preferably 360°C
or lower, more preferably 340°C or lower, more
preferably 330°C or lower, particularly preferably
320°C or lower. If the 90% distillation temperature
exceeds the upper limit, the emissions of PM and fine
particles would increase. The 90% distillation
temperature 1s preferably 280°C or higher, more
preferably 285°C or higher, more preferably 290°C or
higher, more preferably 295°C or higher. TIf the 90%
distillation temperature is lower than the lower limit,
the resulting composition would fail to attain a
sufficient fuel consumption improving effect,
resulting in the tendency that the engine output is
reduced, The 90% distillation temperature referred
herein denotes the values measured in accordance with
JIS K 2254 "Petroleum products-Determination of
distillation characteristics”.

There is no particular restriction on the
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2.9 mR/s or greater. If the kinematic viscosity is lower than 2.5
m2/s, it would be difficult to control the fuel injection timng at
the fuel injection punp side, and lubricity at each part of the fuel
injection punp installed in an engi ne woul d be reduced. The
kinematic viscosity at 30C.is prefergbl 5 mP/s or, |ower,

pref er abI]'Sf”Ae‘T‘ar’ﬁw‘Q? & o? CP&rY dor¥ %? 192 d, &l MPE‘p&SJrBWS
If the kinematic viscosity exceeds 5 mP/s, the fuel injection
system it dBEEalR T¢ 368 WUENVE Nt PRcr el ¢ Heesi SR &nde N ERaREI R and
thus the NOx and PM concentrations in the exhaust gas are i ncreased.
The ki nersit $ cowiidepsaty 3 0r’ed et ¢ e riedrer abdendt €5 mhé/ galoue gweastesd,
in accordance with JIS K 2283 "Crude petrol eum and petrol eum
product set er pirreate pabdfy Ki nenatf ¢ s wﬂugmeayaﬂuimakeupﬁaﬁerably
viscosity index from kinematic viscosity". The carbon residue of the

10% di stid ) at et freesé dugredrélte gast Oi:heCOJﬁQ@éinbitQinﬁ of stdes pregsend
invention 1is necessarily 0.1 percent by mass or |ess, nore

pr ef er abl o 0e @8 tRRIFENt 5DMMARSS, Qrt A58 L dTBIe ¢85 § ¢ uarefes abbi t&- P

percent by mass or less with t he obj ective of reducing fine particles

and PM angh e gt i DgjLhe: PSR @rimmnggs a¢f 4he exhausinga:tion pump
side, and lubricity at each part of the fuel injection
pump installed in an engine would be reduced. The
kinematic viscosity at 30°C is preferably 5 mm?/s or
lower, more preferably 4.7 mm?/s or lower, more
preferably 4.5 mm?/s or lower. If the kinematic
viscosity exceeds 5 mm?/s, the fuel injection system
is destabilized due to an increase in resistance
therein and thus the NOx and PM c¢oncentrations in the
exhaust gas are increased. The kinematic viscosity
referred herein denotes the value measured in
accordance with JIS K 2283 "Crude petroleum and
petroleum products-Determination cof kinematic
viscosity and calculation of viscosity index from
kinematic viscosity”

The carbon residue of the 10% distillation residue

of the gas 0il compositions of the present invention
is necessarily 0.1 percent by mass or less, more

preferably 0.08 percent by mass or less, more
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post - processing systeminstalled in an engine. The carbon residue of
the 10% distillation residue referred herein denotes that neasured
in accordance with JIS K 2270 "Crude petrol eum and petrol eum
product s-Det erm nati on of carbon residue”. The acid nunber of the gas
oi | conpositions of the, _present invention is necessarily 0.1

ngKOH g %Felflees%ab?# vdq'egv6o§°ealai:/$f1§e f BE5S oA ertdi He H&rttrk.tgﬁe aci d
nunber indicates the free fatty acid anmount jn_.a mxture. |If the

aci d nunBBP St HEPg&SE BRGURE Par fs BB uPE el C A8verdfy Paf feded by
acid conpounds. Therefore, the acid nunber is preferably 0.10
myKOH g Be tiadgsingortdie ppeftdrabMp G 98 AgKOH g 6xhasst —wov e
preferably 0.05 ngKOH g or |less. The acid nunber referred herein
denot es phe tt-gt b cac di ngntzer s teasurredt ed laedoi darce ewigtimdl S Kh2501
"Petrol eum products and | ubricants-Determ nation of neutralized

nunber". cIhe Jrattys adued €t byl totesieant Eha tdford ke gasuei keferred
conpositions of the present invention is necessarily 3.5 percent by

nMass or heseimr@éabaly 2natParest riyd iS$ceb d®ssceMi&h JIS K
preferably 1.0 percent by mass or |less, nore preferably 0.5 percent

by mass 9plesscuiide péd e R GaldVEedlr PLEYENTINg Lhe
deterioration of burnout properties of the conposition upon

combusti 0o, .\ AR -GG 881 Mee B4 Yo ACkY B AY b o851 & cBONT €Nt

The acid number of the gas o0il compesiticons of the
present invention is necessarily 0.13 mgKOH/g or less
in view of adverse affects on engine parts. The acid
number indicates the free fatty acid amount in a mixture.
If the acid number is larger, engine parts would be
adversely affected by acid compounds. Therefore, the
acid number is preferably 0.10 mgKCH/g ¢or less, more
preferably C0.08 mgKOH/g or less, more preferably 0.05
mgKQOH/g or less. The acid number referred herein
denotes the total acid number measured in accordance
with JIS K 2501 "Petroleum products and
lubricants-Determination of neutralized number".

The fatty acid methyl ester content of the gas o0il
compositions of the present invention is necessarily
3.5 percent by mass or less, preferably 2.0 percent by
mass or less, more preferably 1.0 percent by mass or

less, more preferably 0.5 percent by mass or less with
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referred herein denotes that nmeasured in accordance wth EN 14103.
The net hanol content of the gas oil conpositions of the present
invention is necessarily 0.01 percent by mass or less, preferably

0. 008 percent by mass or less, nore preferably 0.006 percent by nass
or less, nore preferably 0.005 percent by nmass or less with th

obj ecti vén PPAEELING RIVePEE VAR BN oh8 ARSI IARTELTBR tem
The nmet hanol content referred herein denotes that neasured in
accor danda W oM LIPS P e 2536 arelf BN e4EPMP Thé tird I Yyeen §oTokhE A Tof
the gas oil conpositions of the present invention is necessarily

0. 01 perdentahy emassner. | €8se pPraftey ablky .1068 hpelr ceat ethyconss o

| ess, nore preferably 0.006 percent by nass or |ess, nore preferably
0. 005 pemcefheriedrassrerid edenotiéd the obpeatswee df ipr evepbindance
adverse affects on a fuel injection system The glyceride content
referredyierern demopas, that neasured in accordance with EN 14105.

I f necessary, the gas oil conpositions of the present invention may

be bl ended W t v GoL BRE AWIDEE N t-eADL | HPT PHRN g3Ss MILD @8niphsitions
sufficient so as to enhance the cetane nunber. The cetane nunber

i nprover Jmy:Re YWe OEnVariPP¥sntion is necessarily 0.01 percent
by mass or less, preferably 0.008 percent by mass or
less, more preferably 0.006 percent by mass or less,
more preferably 0.005 percent by mass or less with the
objective of preventing adverse affects on a fuel
injection system. The methanol content referred
herein denotes that measured in accordance with JIS K
2536 and EN 14110,

The triglyceride content of the gas oil
compositions of the present invention is necessarily
0.01 percent by mass or less, preferably 0.008 percent
by mass or less, more preferably 0.006 percent by mass
or less, more preferably 0.005 percent by mass or less
with the objective of preventing adverse affects on a
fuel injection system. The glyceride content referred
herein denotes that measured in accordance with EN
14105.

If necessary, the gas o©0il compositions of the

present invention may be blended with a cetane number

-45-



conpounds known as a cetane nunber inprover for gas oil. Exanples of
such a cetane nunber inprover include nitrate esters and organic
peroxi des. These cetane nunber inprovers may be used alone or in
conbination. Preferred for use in the present invention are nitrate

esters. Exanples of the nitrate esters include various nitrates such
ae 2- chl DPBATYT TP er BEED 35 of RoRYathyf L RPLT 8.2 9 SopropyR RS rak e,
butyl nitrate, primary anyl nitrate, secondary anyl nitrate,

i soanyl RPERdt®, PPFGRFy hexyl nitrate, secondary hexyl nitrate,

n- heptyl nitrate, n-octyl nitrate, 2-ethylhexyl nitrate, cycl ohexyl
nitrate, and eThgl esdageynomle ni i natre v ear nagulbar 1an preferesd aue
alkyl nitrates having 6 to 8 carbon atons. The content of the cetane
nunber i opmaveaintds kpoafremabbyc 508G ppmuiyb aBsSEmpr owos e, f ddras oil.
preferably 600 ppm by mass or nore, nore preferably 700 ppm by nass

or nore, ERRh P& ef erabiy 800 ppatkih dBES e ADA Gp r®SEr Ared ehakl y
900 ppm by mass or nore on the basis of the total mass of each of

the gas ik ,cOMPOgidi OPS. alfdt 88 gaPNEeple i B Lot aPReBWMEL tane
i nprover is less than 500 ppm by nmass, "t he cetane nunber i nproving

effect rmurale 148 e abtaied il fhcuentlgn ! 5301n0 d b he Lendancy

t hat al e exhaust gas froma esel engi ne
are not reduceﬂr@ﬁéffé@“ﬁ&f E@%“HhstW% present invention are

nitrate esters. Examples of thenitrate esters include
various nitrates such as 2-chloroethyl nitrate,
2-ethoxyethyl nitrate, isopropyl nitrate, butyl
nitrate, primary amyl nitrate, secondary amyl nitrate,
iscamyl nitrate, primary hexyl nitrate, secondary
hexyl nitrate, n-heptyl nitrate, n-octyl nitrate,
2-ethylhexyl nitrate, cyclohexyl nitrate, and ethylene
glycol dinitrate. Particularly preferred are alkyl
nitrates having 6 to 8 carbon atoms.

The content of the cetane number improver 1is
preferably 500 ppm by mass or more, more preferably 600
ppm by mass or more, more preferably 700 ppm by mass
or more, more preferably B00 ppm by mass or more, most
preferably 900 ppm by mass or more on the basis of the
total mass of each 0of the gas oil compositions. If the
content of the cetane number improver is less than 500

ppm by mass, the cetane number improving effect may not
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particular restriction on the upper limt content of the cetane
nunber inprover. However, the upper limt is preferably 1400 ppm by
mass or less, nore preferably 1250 ppm by mass or |ess, nore
preferably 1100 ppm by mass or |less, nost preferably 1000 ppm by

mass or less, _on the basis af t t ot al ss of ch_of the gas.ai
conposi tibﬁﬁttrﬂén@éffrﬁfshﬁﬁi}é?n?ﬁﬁro@@@ ﬁ?ngoaﬁseoFefh %Iéc?( that
synt hesi zed i n.  accordance with conventional nethods or connerciallf
avai | abl &%r RibeedyEien dP&alOs i tthie e rRAE sdf 98t dneCRupbiese
inprover are available in a state wherein the effective conponent
contri butdmmgline arei mortoverdniced satfahec hemdeky (i . Ehe weet Afe NMunber
inprover itself) is diluted with a suitable solvent. 1In the case
where theagmticdl zonpesitrdns iafn tde phesanppeimvenni on carret pnéparied
usi ng any of such comrercially available products, the content of

t he ef f edthoecetamoneninbies pirreb epatd iy, W Hbwe tdie, abbwee-ugdgseri bechit
range. In addition to the cetane nunber inprover, the gas oi

conposi t i ray ebe: bl ended owppln diyhara Ssldi £ i vess, paktd plafeéyably
preferably with a lubricity inprover -47 and/or a detergent. The

lubricity 2 9pr gyed BRYmBe s2yr ONEs@r, WY Let YRS e S5&baGt edl 6 DOPPm by
carboxylic acid-, ester-, alcohol- and
mass or less, most preferably 1000 ppm by mass or less,
on the basis of the total mass of each of the gas oil
compositions.

The cetane number improver may be any of those
synthesized in accordance with conventional methods or
commercially available products. Such products in the
name of cetane number improver are available in a state
wherein the effective component contributing to an
improvement in cetane number (i.e., cetane number
improver itself) is diluted with a suitable solvent.
In the case where the gas cll compositions of the present
invention are prepared using any of such commercially
available products, the content of the effective
component is preferably within the above-described
range.

In addition to the cetane number improver, the gas
0il compositions may be blended with other additives,

particularly preferably with a lubricity improver
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phenol - based lubricity inprovers. Among these |lubricity inprovers,
preferred are carboxylic acid- and ester-based lubricity inprovers.
The carboxylic acid-based |ubricity inprover may be |inoleic acid,
ol eic acid, salicylic acid, palmtic acid, nyristic acid or

hexadecenoi ¢ aci d or m xture of two or nore of these carboxylic

aci ds. E&%ﬂﬁp§é df Fﬁéiﬁg?QF based lubricity inprover include

carboxylic acid esters of glycerin. The carboxylic acid formng the
carboxyl i c acith@sh'epTagi t Hel ioh L ee Hitam e By N eSPEchPire &vardps es
of the <carboxylic acid include Iinoleic acid, oleic acid, salicylic
acid,;xﬂaiehtemiﬁ;omwﬂ@rboxyiﬁcoa0ﬂ¢xade@aﬁﬁe,amktoﬁhéﬁedmﬁno
particular restriction on the anount of the lubricity inprover to be

bl ended phehhda HrRBewkar ubsdari tliyaneier o \8%ls 4) Asowid ht Rekhke
above-described preferred range. However, the anount is preferably

35 ppm Mb'ﬁ%ﬁi@? IR e o KFalr&s pr ﬁE%rf?é)J:}z’eélo PPE By 1SR yAri ¢ n@&gdcm
the basis of the total nass of each of the conpositions. Wen t

lubri ci ty, jMYrOVeE bsdgjégnq%rielaﬁry aREnt, W $hi n these ranges, | t
can effectively -48 performits efficacy thereof. For exanple, in a

di esel ~ engi ”err?QU&QB%%){I‘G{)Hc a‘E’.J bQ‘é%cPQJB’PEcﬂHF%%BPoW ma$ e

| ubricity inprover can resS the driving tor

be linocleic acid, oleic acid, sallcyllc acid, palmitic
acid, myristic acid or hexadecenocic acid or a mixture
of two or more of these carboxylic acids.

Examples of the ester-based lubricity improver
include carboxylic acid esters of glycerin. The
carboxylic acid forming the carboxylic acid ester may
be of one or more types. Specific examples of the
carboxylic acid include linoleic acid, oleic acid,
salicylic acid, palmitic acid, myristic acid or
hexadecenoic acid.

There is no particular restriction on the amount
of the lubricity improver to be blended if the HFRR wear
scar diameter (WS1l.4) is within the above-described
preferred range. However, the amount is preferably 35
ppm by mass or more, more preferably 50 ppm by mass or
more on the basis of the total mass of each of the
compositions. When the lubricity improver is blended

in an amount within these ranges, it can effectively
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fromincreasing and can reduce wear on each part of the punp while
.the engine is driven. The upper limt amount is preferably 150 ppm
by mass or less, nore preferably 105 ppm by mass or | ess because its
effect as balanced w th the anount is not obtained. Exanples of the
detergents inpclude_ _ashless _dispersants, f exanpl e, i m,de .
Compounds:® af REAY E © Sa¢c R fides "GO 25 pdiY/brehp t8uctinPrs g se L
synt hesi zed from pol ybutenyl succinpic anhydrate and  ethyl ene

pol yani nENISBEcPANC RREE BiEEr 8 SLER AL UbdPYHLYER A TSURE FACE RETP -
ester synthesized from polyhydric alcohols such as pentaerythritol
and pol yHue ehyP rducich i EMRAIPMR Bt @2 NcdPFDIRS BzeRe Fallyierd SOERES
copol yners of dial kyl am noet hyl nethacryl ates, polyethyl ene glycol
met hacrylfates, iocraa sayhgyemnd icdon madualek ylerset et red aheparandf the
reaction products of carboxylic acids and am nes. Anong these,
preferredganp whkéryt heueaignime des danidve aact iTdre uprmelnct smot amount
carboxylic acids and am nes. These detergents may be used al one or

i n conbi nad iPhe f\Wredb 2 abkemdm WEah AR de il dspdnoar dldehykably
succi nim de having a nol ecul ar wei ght of 1000 to 3000 -49 may be
used al omey 5Oppanbd keiys SHCCERIINE:Hakiad s ¢PEeew ars e gah cafd

700 to 2000 and an al kenyl succini mde having a nol ecul ar wei ght of
10000 to 2PPR0 the amount is not obtained.

Examples of the detergents include ashless
dispersants, for example, imide compounds; alkenyl
succinimides such as polybutenyl succinimide
synthesized from polybutenyl succinic anhydrate and
ethylene polyamines; succinic acid esters such as
polybutenyl succinic acid ester synthesized from
polyhydric alcohols such as pentaerythritol and
polybutenyl succinic anhydrate; copolymerized
polymers such as copolymers of dialkylaminoethyl
methacrylates, polyethylene glyceol methacrylates, or
vinylpyrrolidon and alkylmethacrylates; and reaction
products of carboxylic acids and amines. Among these,
preferred are alkenyl succinimides and reaction
products of carboxylic acids and amines. These
detergents may be used alone or in combination.

When an alkenyl succinimide 1s used, an alkenyl

succinimide having a molecular weight of 1000 to 3000
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may be used in conbination. Carboxylic acids constituting reaction
products of carboxylic acids and am nes nmay be of one or nore

types. Specific exanples of the carboxylic acids include fatty acids
having 12 to 24 carbon atons and aromatic carboxylic acids having 7
to 24 carbon at ons, 4 Eﬁaqfles of fatty acids havina.lztéo 4 carbon
atons iMRYuBE, WL Indt P15 t 28 ReldttS ¥itnSI%T L B 9% BAY 1G4,
palmtic acid, and nyristic gfiﬂg Exanpées of aromatic carboxylic
aci ds hdlPh§ P28 s Bon %t onB 0 TR 4480 RRINGD 13 HEEEY t her et o,
benzoic acid and salicylic acid. Am nes constituting reaction
product sSBE cdarbak (e B agding %Whﬁ?ﬁésawwh@foéngo 0810 frsr @ GtOpes.
Typi cal exanpl es of am nes used herein include, but not limted

t her et o,mayeibe ansres.in Vaoimjusn atiines. may al so be used. There is no
particular restriction on the anount of the detergent to be bl ended.
However, the armbbbxyBiprekdrdadl ¥yodd toiptu by nasSe ot tiw e, p AdHRICct s
preferably 60 ppm by nass or nore, nore preferably 80 ppm by mass

or nore,oPncihe bagils Ofathed ol GBS O5 RaGh ¢ ble orc@NPeSintd ©8Ss,
because the detergent can performits -sO r effect to suppress a

fuel injeghiean nogghbe iff oM Rl4gei B JThet 8Ef ecd » BBY y10f cbg Lohf &i ned

if the anbunt
include fatty acids having 12 to 24 carbon atoms and
aromatic carboxylic acids having 7 to 24 carbon atoms.
Examples of fatty acids having 12 to 24 carbon atoms
include, but neot limited thereto, lincoleic acid, cleic
acid, palmitic acid, and myristic acid. Examples of
aromatic carboxylic acids having 7 to 24 carbon atoms
include, but not limited thereto, benzoic acid and
salicylic acid. Amines constituting reaction
products of carboxylic acids and amines may be of cone
or more types. Typical examples of amines used herein
include, but not limited thereto, oleic amines.
Various amines may also be used.

There is no particular restriction on the amount
of the detergent to be blended. However, the amount
is preferably 30 ppm by mass cr more, more preferably
60 ppm by mass or more, more preferably 80 ppm by mass
or more, on the basis of the total mass of each of the

compositions, because the detergent can perform its
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is less than 30 ppm by mass. On the other hand, if the detergent is
bl ended in a too nmuch anount, its effect as balanced with the anmount
is not obtained. Therefore, the anount of the detergent is

preferably 300 ppm by nmass or |ess, nore preferably 180 ppm by nass

or less because the detergent nay increase the anmpunts, of -NOx PM
and ol deffAEEttn T heS BATACE S P B d ) BS61 Bhohfi 2 1Pk A
above-descri bed cetane nunber inprover, roducts, in thf name of

| ubri ci t P} WBEEF - or T BEt @ﬁéé%ﬁt B3 ¥ BOL Eﬁb?gtiar?'rhegtja e MRe?BPA T he
effective conponent contributing to an i nprovenent in |lubricit or

to deterdgehcyess 8hlam e RRA AYSURES e @Bl VBAt Other thandase @
such products are blended with the gas oil conpositions of the
present ideearigentthe bdemead o thd @ffeorihva@nowpsnerittsseffect
preferably within the above-described range. In order to further
enhance tdw pr bpactedw idfh thee agasuait iconpdspbitensnefl .t hd pe esértre ,
i nvention, other known fuel oil additives (hereinafter referred to
as "ot herthaddidwes" offort ltondenicengeh tays berefedrabaye 30 ppm by
conbi nati on. Exanpl es of other additives include cold flow inprovers

such as eidykese oyl acsiater cFRRA I I g0h phkBRYIfEsi BirC less
am des; phenol- and -51 am ne-based anti-oxi dants; netal

ggacti vatios 8 at tase ety d demmder hvali ¥88e ahld -dnfd RELBYSH NEkich
PM and aldehydes in the exhaust gas froma diesel engine.

Like the above-described cetane number improver,
products in the name of lubricity improver or detergent
are available in a state wherein the effective
component contributing to an improvement in lubricity
or to detergency is diluted with a suitable solvent.
In the case where such products are blended with the
gas o1l compositions of the present invention, the
content of the effective component is preferably within
the above-described range.

In order to further enhance the properties of the
gas 0il compositions of the present invention, other
known fuel o0il additives ({(hereinafter referred to as
"other additives" for convenience) may be used alone
or in combination. Examples of other additives include
cold flow improvers such as ethylene- vinyl acetate

copolymers and alkenylsuccinic amides; phenol- and
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pol ygl ycol ethers; anti-corrosion agents such as aliphatic am nes
and al kenyl succinic acid esters; anti-static additives such as

anionic, cationic, and anphoteric surface active agents; coloring
agents such as azo dye; and silicone-based defoanm ng agents. The

t f.oth ddj t bit , th
ot Fhagihohs S0 VORI Bt BISLAL g3l s e L
or less, nmore preferably er cent bgln&ss or |l ess, on the basis

t

of the t®fdl Tasidsm e%%ﬁl&a’iﬁgeédnp%g orfsinghé R 8 snitbep 2as
increase of the gas oil conposition of the present invention after
an oxi daPPéryd kY @pill iayhe&st! | anKdceBBAFCISL DN 12 IRFKOBY § Usth | @8s,
preferably 0.10 ngKOH g or less, nore preferably 0.08 ngKOH g or
Iessir1aﬂéwhﬁt$tmammn35ammﬁtyLﬂﬂhydomﬁﬂthﬂqyac¢QXﬂ$SerBhe
oxidation stability test used herein is carried out at a tenperature
of 115C anddr- oxygdrr dabblkiing § os uldh hosir aniiro atcor datceowitdy ASTH
D2274-94. The gas oil conpositions of the present invention

cont ai ni Agpdb ©8YHIOBMEM a E&i £8dliW dHasee 988 ;0klo 1 f 0dycedfde uch
triglyceride-containing hydrocarbon originating froman ani mal or

veget abl gf %tz@ng/y%r 3and?2 di CLORRNENt aQldPi dakbngy { her efgom are
excellent in all

The amounts of other additives may be arbltrarlly
selected. However, the amount of each of other
additives is preferably 0.5 percent by mass or less,
more preferably 0.2 percent bymass or less, on the basis
of the total mass of each of the compositions.

The acid number increase of the gas oil
composition of the present invention after an oxidation
stability test is necessarily 0.12 mgKOH/g or less,
preferably 0.10 mgKOH/g or less, more preferably 0.08
mgKOH/g or less in view of storage stability and
compatibility to parts.

The oxidation stability test used herein is
carried out at a temperature of 115°C under oxygen
bubbling for 16 hours in accordance with ASTM D2274-94.

The gas oil compositions of the present invention
containing an environment friendly base gas oil
produced from a triglyceride-containing hydrocarbon

originating from an animal or vegetable fat and/or a
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life cycle CO2 em ssion properties, oxidation stability, and exhaust
. Jas characteristics. [Applicability in the Industry] According to the

present invention, there are provided gas oil conpositions

conprising an environment friendly base gas oil produced from an

I table fat d/ t t th f d
25 The T ESTTHORAT ng” EXGEM BhE T M By diTe o Le%%%?%ﬁl&rﬁéiﬁ.‘?ﬁ”
oxidation stability and exhaust gﬁs characterlst|cs all of whig

are diffilduf® CY¥6lechPevid W ER Ath réb?]%ﬁﬁeo%a|0>gh§a6ﬂ°r&:éﬁp%ehl.l&r&
[ Exanpl es] Hereinafter, the present invention will be described in
nmore det &ne By hays bf gae ﬁgIaIWﬁng@(%hﬁﬁes and conparative
exanpl es, which should not be construed as limting the scope of the
invention. (Exanples 1 and 2 and Conparative Exanples 1 to 3) A
veget abl e fat having properties set forth in Table 1 and a m xture
of the vegepphbliedai 1and; ai npethr®| Enmiuxiseyqi | fraction were each
reacted under the conditions set forth in Table 2 to produce

environment friendbyibasetgaxiod!| pras et fierddntd otabl ehd.re 53rehe
properties of a fatty acid nethyl ester produced by esterifying the

veget abl £ @t 1sRid f galsh d N1 EHodiadriombsecsgbrieritdy i anTabl e 3.
This fatty acid
environment friendly base gas oil produced from an
animal or vegetable fat and/or a component originating
therefrom and as the result having excellent life cycle
CO,; emission properties, oxidation stability and

exhaust gas characteristics, all of which aredifficult

to achieve with the conventional gas oil compositions.

[Examples]

Hereinafter, the present invention will be
described in more details by way of the following
examples and comparative examples, which should not be
construed as limiting the scope of the invention.
(Examples 1 and 2 and Comparative Examples 1 to 3)

A vegetable fat having properties set forth in
Table 1 and a mixture of the vegetable fat and a
petroleum base 0il fraction were each reacted under the
conditions set forth in Table 2 to produce environment

friendly base gas o¢ils as set forth in Table 3.
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met hyl ester is a nethyl ester conpound produced by reacting the
vegetable fat wth nethanol. An ester exchange reaction was used
wherein an ester conpound is produced by reacting the vegetable fat
directly with an al kyl al cohol, stirring at a tenperature of 70C for

one hour int resence f an alkyl ca sadi u thyl ate). The
properties oﬁiigepﬁﬁ%ﬁ ﬁﬁﬁo?éﬂﬁmﬁ % é % Wﬁ%ﬂggd bRt he
envi ronnent frlendgg base:ﬁff oils _are also set fgrth in Tabl e 3,
The vegeR BRI 9SE R¥t PG F ¥ 1PehItE ' YhdetRP LenbRFoRfent S5t Rty

base gas oils, nethyl-esterified product of the vegetable fat, and
petrol eu'ﬁﬁﬁ}d?d{éfﬁ%@dl PPI S 86t Trgth i Table 3 werkh bbefidéd ¥ @cid
produce gas oil conpositions (Exanples 1 to 2, and Conparative

Exanpl esméthy 3)esTaln eid4 shonsthlyd beene r atd)mpiomrecacpr@fdmbedg&sy
oi | conpositions, and the results of nmeasurement of the density at

15C, Ki negatdtci vgsedsd tyeate 30K] ef Ifash wpaimtmestldislconkentester
chlorine content, oxygen content, distillation characteristics,

aronat i Cex e eRL, reeia@neonules, uGelANEn bRdDn £AT Bar é@%dﬁ@o@ﬂdr

content of the 10%distillation residue, water content, acid nunber,

fatty acid glkyluestiesyconkertindathanplgetable fat directly with

an alkyl alcohol, stirring at a temperature of 70°C for

one hour in the presence of an alkyl catalyst (sodium
methylate).

The properties of a petroleum hydrorefined oil to
be blended with the environment friendly base gas oils
are also set forth in Table 3.

The vegetable fat set forth in Table 1 and the
environment friendly base gas oils, methyl-esterified
product of the vegetable fat, and petroleum
hydrorefined oil set forth in Table 3 were blended to
produce gas o0il compositions (Examples 1 to 2, and
Comparative Examples 1 to 3).

Table 4 shows the blend ratio in each of the gas
01l compositions, and the results of measurement of the
density at 15°C, kinematic viscosity at 30°C, flash
point, sulfur content, chlorine content, oxygen

content, distillation characteristics, aromatic

content, cetane number, cetane index, carbon residue
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content and triglyceride content, of each of the gas oil

o COMpPositions. As apparent from Table 4, the gas oil conposition of
Exanples 1 and 2 wherein the environnent friendly base gas oils that
are each the vegetable fat or a mxture thereof with a petrol eum gas
oil fraction and blended wth the petroleumhydrorefined oil in
amounts SRRERAR Y RE EAFge Odefilipddt bgattﬁé“br%%hfiuienvé’r?ﬁ%ﬁ C RREEINdd
the easy and certain production of gas oil conpositions satisfying
properti ésCsdchuad ar 0% tdiwta ¢ L dt Bérk ¥ bnpei&uree v €360C e t hawer 1
a total aromatic content of 15 percent by volune or less, a cetane
i ndex of dkbnoergr eatdr & ral gulytwr coat entntoént(Q oqpnebyhmesk bhel esss
an oxygen content of 1 ppmby mass or less, a fatty acid al kyl ester
content ofiB. zdmseentcidysnass or |ess, an acid nunber of 0.13
nmgKOH/ g or less, a nethanol content of 0.01 percent by mass or |ess,

a triglycerideagaontigateqft & fdmpeasand Oy tMESgE beSScomdls@r ion
increase in acid nunber after an oxidation stability test of 0.12

MKOH g ¢l pgampVeseas.adhier 9o OLknCUMOSLLANT ShnEdPaF AL V1 y
Exanples 1 to 3 “wherein they were produced w thout using the

specific ir cAf L I e ok f al t o] e, 55
p b &BY% r?fé;é;‘ggglbs; ?ﬂgty PASE 3as, Ot h d a&é&%é:a%f’é @lé@cel%b a

conmposi tions i ) e present 1 nvention. xt, the foll ow ng
Varlowstﬁf&%d%gf%gg&@g%i&y&h a petroleum gas o0il fraction and

blended with the petroleum hydrorefined oil in amounts
within the range defined by the present invention
enabled the easy and certain production of gas oil
compositions satisfying properties such as a 90%
distillation temperature of 360°C or lower, a total
aromatic content of 15 percent by volume or less, a
cetane index of 45 or greater, a sulfur content of 10
ppm by mass or less, an oxygen content of 1 ppm by mass
or less, a fatty acid alkyl ester content of 3.5 percent
by mass or less, an acid number of 0.13 mgKOH/g or less,
a methancl content of 0.01 percent by mass or less, a
triglyceride content of 0.01 percent by mass or less,
and an increase in acid number after an oxidation
stability test of 0.12 mgKOH/g or less. Whereas, the
gas o0il composition of Comparative Examples 1 to 3
wherein they were produced without using the specific

environment friendly base gas o0il failed to produce the
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using the gas oil conpositions of Exanples 1 and 2 and Conparative
Exanples 1 to 3. Al of the test results are set forth in Table 5.
As apparent fromthe results of Table 5, the gas oil conpositions of
Exanples 1 and 2 are less in carbon dioxide emssioninlife cycle
and suppressed in dioxin em ssion, conparing with those of

Conpar att 9BPR&hPLETE t bnEeNdRfA| e ERRalte TR LTS YA Iexhaust gas
test was carried out using the follow ng vehicle in accordance with
"Traffic Saf etNex&ndt Ng §addeo Resgay el 1iss itt@1s &'SswATEoaBhid iee dypet
Approval Test Standard supervised by Land, Infrastructure and
Transportatingn tMeni gapyd idnd origxhshitti @i s" décBiaoep 1 Stsaidamrdd fDrand
10- 15 Mode Exhaust Em ssion Test Measurenment for D esel-fuel ed Mtor

Vehi cl es¢ ohp dEas e tHeafbod entssBon ofl rash ehet heesgage@idlts
conpositions. The dioxin em ssion fromthe diesel powered vehicle

was neasytedsusi BQ A i gh Yobune s sampd efph ek M MEASH eAeNt «aNF A

pol yur et hane foam collector in conbination to capture dioxins

through o%@ﬂfﬁé;l?f:c@ﬁgagges ‘MHA Ebﬁéﬁfﬁﬁggﬁ'ﬁlgﬁﬁ%%&%ﬁes 1 and

Measur ement (Environment ‘Agency) _ _ _ _
Speci ficat g@si e sYSNILLE Lo THPE 1 Of £091 085 JdV b Nen 4 E¥l! Rder &1 858/
engine ‘W an i nt ércool ed supérchar ger

suppressed in dioxin emission, comparing with those of

Comparative Example 1 to 3.

(Vehicle Exhaust Gas Test)

An exhaust gas test was carried out using the
following vehicle in accordance with “Traffic Safety
and Nuisance Research Institute’s Automobile Type
Approval Test Standard supervised by Land,
Infrastructure and Transportation Ministry” and
Exhibit 27 "Technical Standard for 10-15 Mode Exhaust
Emissicon Test Measurement for Diesel-fueled Motor
Vehicles" to measure the dioxin emission ¢of each of the
gas o1l compositions. The dioxin emission from the
diesel powered vehicle was measured using a high volume
sampler for PM measurement and a polyurethane foam
collector in combination to capture dioxins through
GC/MS in accordance with “Hazardous Air Pollutant

Measurement Manual (Environment Agency)”.
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Di spl acement: 3 L Conpression ratio: 18.5 Maxi num power: 125 kW 3400
o FPMm Maxi mum torque: 350 Nm 2400 rpm Adopted regul ation: 1997 Exhaust
Gas Em ssion Regulation Vehicle weight: 1900 kg Transm ssion:
4-speed automatic transm ssion Exhaust-gas post-processing system
oxidation catalyst (Calculation of Iife cycle CO02) Life cycle C02
was cal cul ated separately as the CO2 emtted as a result of
conbustion of the gas oil  conmpositions in a _vehicle equipped with a

di esel - powee Bd carRyi ABe&HdE hSatHe e (giRPAFLE fFom oi | - wel
drilling to punping to a vehicle fuel tank. The C02 emitted by
conbustion (herlaipaf®ér endeifee f edint-d lase" Faak Lindpsedicoel waggine
calculated as the em ssions per unit calorific value of each gas oi
conposition on the basis of CO2 emit$siaons,ndervioml ¢debupei/charger
efficiency, and fuel density when the above vehicle test was carried
out. The CO2 genespleddnmeontai I3well drilling to punping to a
vehicle fuel tank (hereinafter referred to as "Well to Tank COY")
was cal cul ated casmphestiah ratio: 18.5

Maximum power: 125 kW/3400 rpm

Maximum torque: 350 Nm/2400 rpm

Adopted regulation: 1997 Exhaust Gas Emission

Regulation
Vehicle weight: 1900 kg
Transmission: 4-speed automatic transmission

Exhaust-gas post-processing system: oxidation

catalyst

(Calculation of life cycle CO;)

Life cycle CO; was calculated separately as the
CO,; emitted as a result of combustion of the gas oil
compositions in a vehicle equipped with a
diesel-powered engine and as the CQO; generated from
0il-well drilling to pumping to a vehicle fuel tank.

The CO; emitted by combustion (hereinafter
referred to as “Tank to Wheel C0O,” was calculated as
the emissions per unit calorific value of each gas oil

composition on the basis of CO; emissions, driving fuel
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CO2 em ssions during a sequence starting fromthe drilling of
material and crude oil resources, through transportation,

processing, and delivery, to punping to a vehicle's gas tank. For
calculation of "Well to Tank C02", the cal culation was carried out
in consig ration of the c%rquDgioxide generated during the |

fol | owi NY ?i@l?%CFB&a%ge 4 - D3R STl MEE TR oF D& rRP e Xiec WY 9P 6 Shas

the oil refinery operation performance date possessed by the

i nvent orse8ft thes prdsehedi fehti on. (1B) Carbon di oxi de eni ssions
acconpanied with the use of fuel for various processing devices and
facilities sukheaSoidensr@B)dCirison didxiwel &nidesi bhs ngccoppani ed
with reformng reaction in a hydrogen producing device in a
processipgmpsimng bydmogenh { 3R Ganban tdiroki da ears s5&dns: AcCEoffpant €d
with regeneration of a catalyst if the processing is carried out

through godgei cersuchtas @ £Rt aloyti)c i ackbnE Wexviedl d£athel Rbtal
conti nuous catal yst regeneration -58 r (4B) Carbon di oxi de em ssi ons

when a gas,0kkni £OIBAS 14 QR 1WRF P 9dufiedhee shipped i YokahaRe
Japan, defivered therefromto Sendai, Japan, and punped into a

vehicle 3P§Taing of material and crude ¢il rescurces, through

transportation, processing, and delivery, to pumping
to a vehicle’s gas tank. For calculation cf “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 o©¢il refinery operation
performance date possessed by the inventors of the
present invention.

{1B) Carbon dioxide emissions accompaniedwith the use
of fuel for various processing devices and facilities
such as boilers

(2B) Carbon dioxide emissions accompanied 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
out through a device such as a catalytic cracking device

requiring continuous catalyst regeneration
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r

(5B) Carbon dioxide em ssions when an animal or vegetable fat and a

wconponent originating therefrom were obtained from Mal aysi a or

regi ons therearound, and a gas oil conposition was produced in
Yokohama, Japan. |f an animal or vegetable fat and a conponent
originatin Eherefron1i§ used as fuel, ,a rule established,in Kyot o

Prot ocol % t H8 TR Bof IR Hkfle SLhF 84°0HS YBEA t7 n§2Fr oM Sonbust i on

of such fuel is not counted is applied. This rule was thus applied
to the &SBNROGHS PP BTRAR IS ST SCobPPES 2l APKG 2T ap| $ePE
shows the "Tank to Wieel 02" and "Well to Tank C02" em ssions as
cal cul at 6t hb¥es && Weklredfst omhg ot Sedidadi /t Heégeaeni 88icomyimped. 1ntge
cycle CO2 emssions (LC). Each of the results is quantified by
conpari ng i vewitchL ¢ heheasall t s of Conparative Exanple 1, the results
of which was defined as 100. -59 Table 1 Vegetable fat Petrol eum gas
oil fractioh) Dersitiyn(H5iQxkdememwilss8%ths Kvhemtan wirsionsilt ypr
(30Cm2/s - 5.7 Cnmass% - 85 H mass% - 15 N torogen content mass
ppm - 15 y&gktemb xontent sMas% JohBothent originating therefrom
were obtained fromMalaysia or regions therearound, and
a gas oil composition was produced in Yokohama, Japan.
If an animal or vegetable fat and a component
originating therefrom is used as fuel, a rule
established in Kyoto Protocol that the carbon dioxide
emissions resulting from combustion of such fuel is not
counted is applied. This rule was thus applied to the
above-described “Tank to Wheel CO0;” calculation.
Tables 5 shows the “Tank to Wheel C02” and “Well
to Tank CC2” emissions as calculated above as well as
the total of these emissions, i.e., life cycle CO;
emissions (LC). Each of the results is quantified by

comparing it with the results of Comparative Example

1, the results of which was defined as 100.
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Chl orine content mass ppm 3 <0.1 Tot al

Butyric

acid group O -

Caprylic acid group O Ratio of fatty acid

“-Table 1----

aci d nunber

R R R U EC IR PO Petroleum gas-|- - -
acid grdup O - Vegetable fat | * 1 & o ction
aci d grdfgpsy @5%C) kgm’ | 916 | 80
e Kinematic viscosity (BB fini/sC acid grjoup 44 - .| .. IR Y I
.................................... MESSY5-StEar T c__acT
Oeic adfd BP¥Ap 39 - linoleic acidlgroup 10 . 8
........ H. . mass%. .. ..................0 ....=.... ...15 ..
acid gr ‘E O Japr &7 HOO cataryst - ~o7sT1T1e —argm na
t enper at FLogen &gp rnngtgnﬁssr\og';'nf Lal presdure W11 LS\ -1
Suifer content mass% <1 10.0
Chlorine content mass ppm 3 <0.1
Total acid number  mgKOH/g 0.07 -
Butyric acid group 0 -
Caproic acid group 0 -
Caprylic acid group 0 -
Ratio of fatty acid [ P s
goups infat  [Cpioidmee | LR R
Lauric acid group 0 -
Myristic acid group 1 -
Palmitic acid group 44 -
masskh Stearic acid group 5 -
Oleic acid group 39 -
Linoleic acid group 10 -
Linolenic acid group 0 -

Table 2

HDO catalyst

Ni-Mo/silica*alumina

Reaction temperature °C

Hydrogen partial pressure MPa 1
LHSV h™' 0.5
Hydrogen/oil ratio NL/L 510
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Hydr ogen/ oi |
eltreated oil

petrol eum gas product of hydrorefined oil
Density (15C) kg/n8 780 830 874 821 Kinematic viscosity (30C) m2/s
3.0 4.05.53.6 Distillation 10% Di s{,,lLation tenperature 251.0

oi |

ratio NL/L 510 -60 Table 3 Hydrotreated m x Met hyl
of vegetable fat esterified Petroleum vegetable fat and
fraction vegetable fat

HDO

252.0 - 188. 5 ..
........................................... .r....e.r.n.... Yoty
chardcteristics 50% Distillatioh doSrperat uoﬁ’%’fzzgéb F'Zt estenﬁe§8 5 Betroleum
""""""""""""""""" ‘vbgetable fat" | and pétroleum gas gg hydrorefined oil
Di st ilLiation i enmer atuie 203 5 Roa o L a2k oot fEston - ﬂmggbﬂ St dos oy
vol . %o BebsifyX15C) ki’ 7 Cet ane nufber 7§08 65| 62 5830 Suf fler ciimt ent] ma$gl
ppm |nez cont en maéi ppm <0. 1,50. 1 1.2 <P 1 yoefg
cont da lKlnematlc Kl;scOﬂg?A 1—9—40- ) ."T'ngg o
0. 01 |0 Pgiagorp1 -TP?LQ:‘?F'.'E%?.’!.*QT'E‘?E‘E.’S'& pl €2510Exahpl e 22%onparative | 1885 ..
CoNPALatakieRsticd mroas&mav& teﬁg@m]ea T Fygrplf 2 [ ]3 PafTol gum 265
hydr qrefiped oti---vot-8660--50-10P--90-60----Megetapt-e-fatf--30----r--rrmrfrmveermeraranes
C 90% Distillation temperature 303.5 304.0 - 333.0
Total aromatic content vol.%6 <1 11.5 - 11.7
Cetane number 78 65 62 57
Sulfer content mass ppm <1 <1 <1 4
Chlorine content mass ppm <0.1 <0.1 1.2 <0.1
Oxygen content mass% <0.1 <0.1 11.9 <0.1
Total acid number  mgKOH/g 0.01 0.01 0.15 0.01
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HDO treated vegetable fat 40 Hydrotreated m x oil

and petrol eum gas oil

of vegetabl e fat

fraction 50 Methyl-esterified product of
vegetable fat 40 Density (1591 C) kg/nB8 805 826 821 831 842
Ki nematic viscosity (30C) nmM/s 3.4 3.3 3.6 5.3 3.9 Flash point C 77
75 72 82 73 Sulfer content mass ppm 2 Zak#4 2 Chlorine content nmass

ppm<0.1 <0 1 <0 1.0 .30 0 43 Oxygen content npss% <01 <01 <01 1.1
Tog o Stpllatton 10%DStIITAt! on TEMPElRMEE: [ Hhunge 21 Grberdiis) Eroile | Spromrste
-------- - Petroleum-hgdrorefimed gil- - - - - - - ~vol%6 - - - - - - [Chas acferisst 1 §s 5§00 90 60
Distill ammmﬁe@. 4 s
| HDO teated vegetable fat 40 C 90%
Di stil | aft hyorreat@dFhedi aftvele@bledd IndQetadhiin s 33P. 0 365.|5 ?5?6 ¢ Total
aromat i c[retmt ent vol . % 10.6 14.6 173 15]9 14.2| Cetang nunber| 65 62
57 33 S8 ulBT AR NEEXorOR iR 0 / OF >/ farbonr ¢si due ¢ontent [or T0% 40
mmss. pprk FeRal BN ST P 0 1 D A PR
0.01 0. OpKimmeya visomsitt @O yeid al kyl ester ¢onBént |madd %lo. 360.9 0.5 0o 39
39.6 Meft hameint ontent nass % 0 0 0 O O] Trwgl ycerbde Jcormeent] news%|0 73
0 0 9. 8 PsurdrBGte@aSAssippih aci d nunber afte] accel ¢rationf|tesi 0.]02 §. 03 2
0.02 1. 6bCI$I‘L'rinle content mass ppm <0.1 <0.1 <0.1 0.30 0.48
Oxygen content  mass% <01 <0.1 <0.1 1.1 48
Distillation 10% Distillation temperature 191.0 193.0 1885 191.5 194.0
cheracteristics | 50% Distillation temperature | 2705 | o | 2685 | 2170 | : 2000
c |7 90K Distilation temperature | 3250 | no | o | %55 | 2360
Total aromatic content  vol.% 10.6 14.6 17.7 15.9 14.2
Cetane number 65 62 97 53 58
Cetane index 66 69 57 54 57
Carbonresidue content of 10% distillation residue  mass % 0.02 0.02 0.02 0.27 .02
Water content  mass ppm a5 34 35 40 46
Total acid number increase mgKOH/g 0.01 .01 0.01 0.02 0.04
Fatty acid alkyl ester content mass % 0.0 0.0 0.0 00 396
Methanol content mass % 0 0 0 0 0
Triglyceride content mass% 0 0 0 98 0
Increase in acid n:qn;l:.(;:;t;r acceleration test 0.02 0.02 0.02 165 0.15
Table 5
Garsie 1 | Gl 2 [ Semeetive| Companie| corparaie
CO, emissions Well to Wheel 54.5 69.0 78.1 721 66.6
gC0,/MJ Relative value 70 88 100 92 85
Dioxin emissions
Comporative Exampre 3 1o dofined | 8 29 24 o8 100
as 100}
Oxidation stability @) @) O x A
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*5 ngKOH/ g Table 5 Exanple 1 Exanple 2 Conparative Conparative

4 Comparative Exanple 1 Exanple 2 Exanple 3 CO2 emissions Wll to
Wheel 54.5 69.0 78.1 72.1 66.6 gCO2/ M) Rel ative value 70 88 100 92 85
Di oxin em ssions (Relative value: the result of 35 29 24 68 100
Conpar ative Exanple 3 is defined as fOO Oxidation stability 0 0 O x
p -62r Claims 1. A gas oil conpdst®i8¥ conprising: 20 to 80
percent by volunme of a base gas oil with a 90%distillation
tenperature of 360C or lower, a sulfur content of 10 ppm by nass or
| ess, and an oxygen content of 1 percent by nmass or |ess, produced
by bringing i thetpgéserickel of ARRP 8GéA AN f 6OFRBHER 1 NNpri si ng an
ani mal or vegetable fat and/or a conponent originating therefrom
into contact w2t teo &atpeysteronpyi siodgimee pofoasbiamser gpm$ coditi @6 th
conprising two or nore types of elenents selected from al um num
silicon, Zi#oanidingtbarlent; i bint ergmpearmkure of 360°C or lower, a

sulfur content of 10 ppm by mass or less, and an oxygen
content of 1 percent by mass or less, produced by
bringing in the presence of hydrogen a feedstock
comprising an animal or vegetable fat and/or a
component originating therefrom, into contact with a
catalyst comprising a porous inorganic oxide
comprising two or more types of elements selected from
aluminum, silicon, zirconium, boron, titanium and
magnesium and one or more types of metals selected from
the group consisting of the Groups 6A and 8 elements
of the periodic table, supported thereon, under
conditions where the hydrogen pressure is from 2 to 13
MPa, the liquid hourly space velocity is from 0.1 to
3.0 h™!, the hydrogen oil ratio is from 150 to 1500 NL/L,
and the reaction temperature is from 150 to 480°C,
the gas 0il composition having a 90% distillation
temperature of 360°C or lower, a total aromatic content
of 15 percent by volume or less, a cetane index of 45

or greater, a sulfur content of 10 ppm by mass or less,

an oxygen content of 1 percent by mass or less, a fatty

-6H3-



magnesi um and one or nore types of netals selected from the group
consisting of the G oups 6A and 8 elenents of the periodic table,

supported thereon, under conditions where the hydrogen pressure is
from2 to 13 MPa, the liquid hourly space velocity is fromO0.1 to

3.0 h-1, the hydrogen oil ratio is f 50 to 1500 NL/L, and the
Ceact | onf P BLdiU & S F BANIS £ & haDCT RHECGAT B TeGHDA Hiens
having a 90% dj stillation tenperature of 360C or |ower, a total

aromati c@BoftGehE NPT pefceht 1By RIFAHE DroFed€s v cat AL hAadd of
45 or greater, a sulfur content of 10 ppm by mass or |ess, an
oxygen ceandgmnbfofl hebdeheupembdsydrabessr defat @ t1637 hyice mil dgl
ester content of 3.5 percent by mass or |less, an acid nunber of 0.13
ngKOH g oonltesst af et hanoé rceant éng mafs . @i Jpes senanklyamasa care 4 g8s,
atriglyceride content of 0.01 percent by nass or |less, and an

i ncr easei ni ficael HuRbdera Bf teraan PXxddati on stabiillityytestcad @, 12
ngKOH/ g or less. 2. A gas oil conposition conprising: a base gas oi
Wth a 9Q¥xdst§l batiposkenperature of 360C or |ower, a sul fur
content of 10 ppm by nmass or |ess, and an oxygen content of 1
percent by mass or |ess, produced by bringing in the presence of
hydrogen a feedstock conprising an aninmal or vegetable fat and/or a

component ori gy nat hng, thepefr om Rt €084 omprising:

a base gas 0il with a 90% distillation temperature
of 360°C or lower, a sulfur content of 10 ppm by mass
or less, and an oxygen content of 1 percent by mass or
less, produced by bringing in the presence of hydrogen
a feedstock comprising an animal or vegetable fat
and/or a component originating therefrom, into contact
with a catalyst comprising a porous inorganic oxide
comprising two or more types of elements selected from
aluminum, silicon, zirconium, boron, titanium and
magnesium and one or more types of metals selected from
the group consisting c¢f the Groups 6A and 8 elements
of the periodic table, supported thereon, under
conditions where the hydrogen pressure is from 2 to 13
MPa, the liquid hourly space velocity is from 0.1 to
3.0 h™*, the hydrogen oil ratioc is from 150 to 1500 NL/L,
and the reaction temperature is from 150 to 480°C; and

a hydrorefined oil produced by refining crude 0il,
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~with a catalyst conprising a porous inorganic oxide conprising two

or nore types of elements selected from alumnum silicon,

zirconium boron, titaniumand nmagnesium and one or nore types of
netals selected from the group consisting of the G oups 6A and 8
elements of the periodic table, supported thereon, under conditions
wher e t hévhyadogénappdsnd er251pr é’rg)iot daB0 wmrcend Bgdil pBe180
space velocity is from0.1 to 3.0 h-1, the hydrogen oil ratio is
from 150 t® 290 eNctent and tvieel we@cti on tenperature is from 150 to
480C, and a hydrorefined oil produced by refining crude oil, -64r

m xed at a bl entheagas of 12680mp @91 peraemta byngobud %801 sttol RDation
percent by volunme, the gas oil conposition having a 90% distillation

t enper at w empk OVE0E £l BBOP,C @ it Qlcale Af 0iBLd Tadoatrenat OE dbntent
percent by volume or less, a cetane index of 45 or greater, a sulfur

content of £10spp@AYeARSH POIvd BERe AN DPXYGEN L£0Nk €8N Ofi ddpar eents Hy
mass or less, a fatty acid alkyl ester content of 3. 5 percent by

mass or |essyrean &C1 dy nugber; 0fc O 413nWKEH G Yo 65¢ masBebhandss,
content of 0701 percent by nass or less, a triglyceride content of

an oxt dat o ST S E SR S0 FE T oGy S TRegt AeuEIeR Tty
acid alkyl ester content of 3.5 percent by mass or less,
an acid number of 0.13 mgKOH/g or less, a methanol
content of 0.01 percent by mass or less, a triglyceride
content of 0.01 percent by mass or less, and an increase

in acid number after an oxidation stability test of 0.12

mgKOH/g or less.

3. A gas o0il composition comprising:

20 to 80 percent by volume of a base gas oil with
a 90% distillation temperature of 360°C or lower, a
sulfur content of 10 ppm by mass or less, and an oxygen
content of 1 percent by mass or less, produced by
bringing in the presence of hydrogen a feedstock
comprising a mixture of 10 to 90 percent by volume of
an animal or vegetable fat and/or a component
originating therefrom and 90 to 10 percent by voclume
of a petroleum base 0il produced by refining crude 0il,

into contact with a catalyst comprising a porous
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3. A gas oil conposition conprising: 20 to 80 percent by volunme of a
base gas oil with a 90%distillation tenperature of 360C or |ower, a
sul fur content of 10 ppm by nass or |ess, and an oxygen content of 1
percent by mass or |ess, produced by bringing in the presence of
hydr ogen, a f eedst ock pgnprising,a,nixture of 10 to 90 percent by
vol ume ot R O&P Hht fral® bt CFe FetaBF & Sidt 9 ah#/or® & BoHONeNP S DrP §i nat i ng

therefromand 90 to 10 percent by volunme of a petrol eum base oi
producede bemegit fi A§ lgcBedoifirom| Al @ cont et St hcanoatzl yspnium,
conprising a porous -65 inorgani c oxide conprising two or nore types
of el eneotrorseltect ed ifurom adurigug s s eor i€ conimore homons of
titani um and magnesi um and one or nore types of netals selected from

the groupeceriss sid ngcafed e i aips g HAupnd of £l eaeniss odf thie cpenipdi ¢
tabl e, supported thereon, under conditions where the hydrogen

pressuregni sifd ogn 2 tond3dtMPas et hed i geird JoUE ¥ a3PBEe eI DShtY ed S
from0.1 to 3.0 h-', the hydrogen oil ratio is from 150 to 1500

NL/ L, i tru i . | LI
anghtef}‘f‘eéﬁ?cﬁhﬁ%feé@ﬁ&itlbhr@nbst’é% oy ﬁgdéc]éﬁg%% C{agegsassu%

conposition having a 90% distillation tenperatur r | ower,

ok FSETILLE S90o0t 98 154RE SEIU, DY LU oG, Fog, 8168 20
is from 0.1 to 3.0 h™*, the hydrogen o0il ratio is from
150 to 1500 NL/L, and the reaction temperature is from
150 to 480°C;

the gas 0il composition having a 90% distillation
temperature of 360°C or lower, a total aromatic content
of 15 percent by volume or less, a cetane index of 45
or greater, a sulfur content of 10 ppm by mass or less,
an oxygen content of 1 percent by mass or less, a fatty
acid alkyl ester content of 3.5 percent by mass or less,
an acid number of 0.13 mgKOH/g or less, a methanol
content of 0.01 percent by mass or less, a triglyceride
content of 0.01 percent by mass or less, and an increase

in acid number after an oxidation stability test of 0.12

mgKOH/g or less.

4. A gas o0il composition comprising:
a base gas 0il with a 90% distillation temperature

of 360°C or lower, a sulfur content of 10 ppm by mass
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~an oxygen content of 1 percent by nass or less, a fatty acid alkyl

gester content of 3.5 percent by nass or less, an acid nunber of 0.13
ngKOH/ g or |l ess, a nethanol content of 0.01 percent by mass or |ess,
atriglyceride content of 0.01 percent by nass or |less, and an
increase in acid nunber after an oxidation stability test of 0.12
ngKOH g ST €885 420d 3R BRY XMposNLiedH Ofpti BEAFE L Ha¥eN§asS G F
with a 90% distillation tenperature of 360C or |ower, a sulfur
content ofe36,ppmdBuaBSsbY- BF i1 @i Nidedd) tdrRl RS BRYgeh Thm BAL ogren
percent by mass or |ess, produced by bringing in the presence of
hydr ogen a af teedstock camppirsisign@ ai mtiwteunk DE t0 90 op&emercynt
vol unme of an animal or vegetable fat and/or a conponent originating

therefromangdoAihe dF peficamtimdy val wegeft b pet I£e] teusmbaser oal
produced by refining crude oil, into contact with a catal yst

conpri si Ngo@p oRPYS oirQf DABILG x| €R eGXWF bl Bthd WPOOE T @ ¥pese 0f
el ements selected fromalumnum silicon, zirconium boron, titanium

and magnesy Uih argh Oner of é@f%otmﬁ 9k s eTRliA $Sehaled By oM kR ing
group consisting of the oups ©6A and 8 elenments of the periodic

table, supppyleed;ihenegn, uBders conditdPns whers Jbe BUHPPERing a
pressure 1s from2 to 13 MPa, the liquid hourly space velocity
porous inorganic oxide comprising two or more types of
elements selected from aluminum, silicon, zirconium,
boron, titanium and magnesium and one or more types of
metals selected from the group ¢onsisting of the Groups
6A and 8 elements of the periodic table, supported
thereon, under conditions where the hydrogen pressure
is from 2 to 13 MPa, the liquid hourly space velocity
is from 0.1 to 3.0 h™!, the hydrogen o0il ratio is from
150 to 1500 NL/L, and the reaction temperature is from
150 to 480°C; and
a hydrorefined oil produced by refining crude oil,
mixed at a blend ratio of 20 to 80 percent by volume:80
to 20 percent by volume,
the gas oil composition having a 90% distillation
temperature of 360°C or lower, a total aromatic content
of 15 percent by volume or less, a cetane index of 45
or greater, a sulfur content of 10 ppm by mass or less,

an oxygen content of 1 percent by mass or less, a fatty
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is from0.1 to 3.0 h-1, the hydrogen oil ratio is from 150 to 1500
NL/L, and the reaction tenperature is from 150 to 480C, and a
hydr orefined oil produced by refining crude oil, mxed at a blend
ratio of 20 to 80 percent by volune:80 to 20 percent by volune, the
gas oil conposi.ti having a 90% distill ation tenperature of .360C or
| over , aa?6tdaﬁl;?ygj;§t§EeEoﬁPQ%en5foé5 peritehf e n@é’i BRe DT 538 g
cetane index of 45 or greater,_a sulfur content of 10 ppm by nass or
|l ess, adNoRfged BEMRAE 6ff 10 péﬁcé}‘EK‘Bﬁ/r‘Has%roﬁelse%s,aa“fea’%%?no-lm
acid al kyl ester content of 3.5 percent by mass or less, an acid
nunber of cOtEN yKOH g0drrkesenh pthaasl o rcoatsent aoft 0L Plyperciene
by mass or less, a triglyceride content of 0.01 percent by mass or
| ess, andoandmerefide. 0lnpacicd mundemead § evr dre 9%, dahidoansiabird 4 ye
test of 0. 12 ngKOH g or less. 5. The oil conposition according to
any one of a¢eha nembd O At whesRidk i Ha tcofpast 4ban icopttad 88 of 0. 12
substantially no chlorine. -68

mgKOH/g or less.

5. The o0il composition according to any one of

claims 1 to 4, wherein the composition contains

substantially no chlorine.
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