Gas O | Conposition [Field of the Invention] The present invention relates
to gas oil 4 1 conpositions which conprise an environnment friendly base gas
oi | produced froman animal or vegetable fat and/or a conponent originating
therefrom as the raw nmaterial and have excellent life cycle CO2 eni ssion
properties, oxidation stability, less affective to parts properties, and

| ow-tenperature startability. [Background of the Invention] Conventi onal
base gas oils are known to be produced by subjecting a straight gas oil or
straight Kkerosene, produced by atnospheric distillation of <crude oil to
hydrorefining or hydrodesul f@aiszaii bnCon@osy entiicanal gas oil conpositions
are produced by blending one or nore types of these base gas oils and base
kerosenes. |If necessary, these gas oil conpositions are blended with a
cetane nunber inprover or a detergent (see, for exanple, non-patent

docurent (I peh gW), £ Pahentr docyneni, 1 bel ow discl oses a method for
produci ng hydrocarbons conprising reacting natural fats, waste natural fats

or Lhe [ der | vaes, Wil LipeilveLed IALagn 1n,thg prgsenoe of B

on 2 Lo catalust 2 el ol supporting, catalvat, and.an ol oy supeprting

J%il' base gas 0il produced from an animal or vegetable fat
and/or a component originating therefrom, as the raw
material and have excellent life cycle CO,; emission
properties, oxidation stability, less affective to

parts properties, and low-temperature startability.

[Background of the Invention]

Conventional base gas oils are known to be
produced by subjecting a straight gas oil or straight
kercosene, produced by atmospheric distillation of
crude o0il to hydrorefining or hydrodesulfurization.
Conventional gas o0il compositions are produced by
blending one or more types of these base gas oils and

t base kerosenes. If necessary, these gas oil

~ compositions are blended with a cetane number improver
or a detergent (see, for example, non-patent document
1 below).

Patent document 1 below discloses a method for
producing hydrocarbons comprising reacting natural

fats, waste natural fats or their derivatives with



hydrocarbons by using natural fats or their derivatives, food oil wastes
and the like as the raw material. Patent docunent 2 discloses a fuel
conposition for diesel engines, conprising 0.1 to 99 percent by vol une of
a conponent or a m xture of conponents, produced from biological raw
materials originating fromplants and/or animals and/or fish and 0 to 20
percent by volunme of an oxygen-containi ng conponent. Both of the
conponents are m xed with diesel conponents based on crude oil and/or
fractions from Fi scher-Tropsch process. It is, however, very difficult to

produce azfue] vadle SUghgRbgl Aiua idye thak sidn €anc achi @Mfeawsteaw Bkt e
performances such as l'ife cycle CO2em ssion properties, fuel efficiency,

oxi dat i on SHABLLELY ) sne afd egtiote, £0-RATd &1 REoRSF hctho 801 i

IOMFtenperature startability eve no practlca
process for oduci n a fuel rther capa I etin Il kinds of
t he perfor '$£L¥ anu?? %P%?YCS Yﬁlly avggla SuPﬁéTr%?Pg has not been
di scl osed. -2 gb pat ent docunﬁnt 1: Koni shi Sellchl "hbnryg
Gai ron", Msﬁubr?gﬁlﬁﬂl Lo uPPRR ch 916t 4 hygds 156 % 34 Pat ent

dacunent 1: Japanese Patent Lald Open Publication No. 2003-171670 Patent
document PuyRpageset PArentl dand- Gane thes | £ati G NBUCAgun- 538204
[ D scl osure of the Invention]

hydrocarbons by using natural fats or their derivatives,

food 0il wastes and the like as the raw material.
Patent document 2 discloses a fuel composition for
diesel engines, comprising 0.1 to 99 percent by volume
of a component or amixture of components, produced from
biological raw materials originating from plants
and/or animals and/or fish and 0 to 20 percent by volume
of an oxygen-containing component. Both of the
components are mixed with diesel components based on
crude o0il and/or fractions from Fischer-Tropsch
process.
It is, however, very difficult to produce a fuel
of such high quality that it can achieve all requisite
i? performances such as life cycle CO; emission properties,
- fuel efficiency, oxidation stability, less affective
to parts properties, and low-temperature startability
in a higher level. Further, no practical process for
producing such a fuel further capable of meeting all
kinds of the performances required for commercially

available fuel o0ils has not been disclosed.



In recent years, gas oil, which is fuel for internal conbustion engines has
been required to be decreased in sulfur and aromatic contents in an effort
to inprove the air environnent and reduce the environnent |oad rapidly. At
the sane time, in order to cope with the global warmng issue, gas oil has
al so been required to possess fuel properties contributive to a further

i nprovenent in fuel efficiency and effective in carbon dioxide (C02)
reduction. As one nmeans for achieving these objects, it has been studied

to use synthetic fuels and bio diesel fuels (hereinafter referred to as
"BDF") which are reproducible energies, as alternative fuels. BDF is mainly
conposed of a fatty acid alkyl ester mxture produced from natural ani mal

and vegetabl e fabs -s3capd LhusugOALalNs adWsEnnosaronahiG oqmppupd |argely
contributive to production of soot discharged with an exhaust gas or no

sul fur conponent ,givi ngcsisgni ivpargh%;'ﬁ?%louegl&gg l%gb%??tsgg ng of an

exhaust - gas after-treat nent” devi ce. her nor f"is an

oxygen- cont ai ni cqQnpo havi ng oxy in i nol ecul es and thus has been
attracted as a @gﬁrﬁbhtgggﬁ%siBF%F?y ?3? éﬁ’aﬁ?érnative fuel . Since BDF is
positioned as a _reproduci bl e energy because of its origin froma plant, the
carbon di oxi de Bkt bfioBdIMenE ot cORREEE IR FRE Bt sSPors~ YREST the

carbon di oxi de reduction protocol entered anong nations in 1997, so-called
Ky-ot o Prot ocol , Pakd BDFthas} ¥heref@ve;171670

Patent document 2: Japanese Patent Laid-Open

Publication No. 2005-538204

[Disclosure of the Invention]

In recent years, gas oil, which 1is fuel for
internal combustion engines has been required to be
decreased in sulfur and aromatic contents in an effort
to improve the air environment and reduce the
environment load rapidly. At the same time, in order
to cope with the global warming issue, gas oil has also
been required to possess fuel properties contributive
to a further improvement in fuel efficiency and
effective in carbon dioxide (CO;) reduction. As one

- means for achieving these objects, it has been studied
to use synthetic fuels and bio diesel fuels
(hereinafter referred to as "BDF") which are
reproducible energies, as alternative fuels.

BDF is mainly composed of a fatty acid alkyl ester

mixture produced from natural animal and vegetable fats



political nerits. However, fatty acid al kyl esters produced from natural

ani mal and vegetable fats contain intrinsically a large quantity of heavy
conponents and thus are poor in burnout properties upon conbustion in

engi nes, possibly leading to increased em ssions of unburned hydrocarbons.
BDF containing a large quantity of a fatty acid al kyl ester having many
saturated fatty acid groups is poor in handling characteristics as fuel and
finds it difficult to ensure |low tenperature fluidity because it is solid
at anbient tenperatures. BDF containing a |arge quantity -4 of a fatty acid

al kyl est gm £OM @5NERG RNY sUBIHIL AL RE 2hRIr ¥t 861 € YRR Al 3 PAPE 1N
oxidation stability due to its chem cal conposition, possibly leading to
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parts. Furthernore, yCeri des ah S, are the
raw nateriqis f&r producing thﬁﬁfata¥ acid al kyl ,ester and .g{gcerin
m xtures WwHi‘thYEFe 95V froduct SUdfetedt ORRY M St gnf £Vcdhd 1§ Ve Bav8Fse
affects on engine parts and  fuel injection systens. For a gas oil to be
used in céindf HP8PIGSE sONi G kS OBIMFF caft ab PBNAET h~ PES | ow tenperature
performances at a tenperature of -15C to -20C at which No. 3 gas oils
cl assi fi ed fitre nctoradanwe nwi tie wihee J| SFyast bermesee , AP el T aed fales 8O be
used. Existing low tenperature fluidity inprovers are supposed to be
effectivedsygen-containing compound having oxygen in its
molecules and thus has been attracted as a dominant
possibility for an alternative fuel. Since BDF 1is
positioned as a reproducible energy because of its
origin from a plant, the carbon dioxide caused by BDF
is not counted as the emissions under the carbon dioxide
reduction protocol entered among nations in 1997,
so-called Kyoto Protocol, and BDF has, therefore,
political merits.

However, fatty acid alkyl esters produced from
natural animal and vegetable fats contain
intrinsically a large quantity of heavy components and
thus are poor in burnout properties upon combustion in
engines, possibly leading to increased emissions of
unburned hydrocarbons. BDF containing a large
quantity of a fatty acid alkyl ester having many
saturated fatty acid groups is poor in handling
characteristics as fuel and finds it difficult to

ensure low temperature fluidity because it is solid at

ambient temperatures. BDF containing a large gquantity



hydrocarbons. Myst of themare thus |ess effective to BDF. These

di sadvant ages are those that the existing gas oils have never suffered from
and still remain as problens not only when BDF is used al one but al so when
BDF is used in the formof a mxture with an existing gas oil or the |ike.
It is thus necessary to not only pay attention to the properties of BDF but
al so pay nore attention than ever to the oxidation stability, low -5

t enperature perfornance and conbustibility of the mxture of BDF with an
existing gas oil. Therefore, the use of BDF which is a fatty acid | Kyl
ester m xOfr & pr&duEés ¥ oht KiilngP tad ARIER 4B 13 8V 14 P& HHF BF 6% de a
gas oil conposition which is reduced in harnful exhaust conponents and life
cycle COfahf¥spoisd GaAYDHrbiePPR] BRf P&icheyiog velsapdds t adderse
affect on parts, and has excell ent exhaust gas properties, oxidation

st abi | i ty,tcanbltlsowh@meradt Ut empstsak t abinl,i tyo sSiidckyt h@saeiﬂeﬂgi rfed
performances are «closely related to other fuel properties, it is very

di fficult deot praducet Aohuelf afo v gh gqualddy ot tchon,sanidsfaydatksef t hese
requisite performances in a higher level. Furthernore, there has not

exi sted anyr exafpl &n Ok nigdede 0 atrdhtes basi-a rafh st udires, of aa tfehcwi ch can
satisfy all the performances required for comercially available fuel oils
and a realgl%terar&@@sgnfooralqudtgpl@gh%ch1 ayhueln dhe pmée@taw nvention

was made in view of
materials for producing the fatty acid alkyl ester and
glycerin mixtures which are by-products thereof may
significantly give adverse affects on engine parts and
fuel injection systems.

For a gas 0il to be used in cold districts, it is
difficult tomaintain its low temperature performances
at a temperature of -15°C to -20°C at which No. 3 gas
oils classified in accordance with the JIS gas oil use
guidelines are to be used. Existing low temperature
fluidity improvers are supposed to be effective to
hydrocarbons. Most of them are thus less effective to

BDF.

K

These disadvantages are those that the existing
gas oils have never suffered from and still remain as
problems not only when BDF is used alone but also when
BDF is used in the form of a mixture with an existing
gas 01l or the like. It is thus necessary to not only
pay attention to the properties of BDF but also pay more

attention than ever to the oxidation stability, low



above-descri bed situati ons and has an object to provide a gas oil

conposi tion which conprises an environnent friendly base gas oil produced
froma triglyceride-containing hydrocarbon, which is an aninmal or vegetable
fat or a conponent originating therefrom and has excellent life cycle CO2
em ssion -6 properties, fuel efficiency, oxidation stability, |ess

affective to parts properties, and |ow tenperature startability. As a
result of extensive studies and researches, the inventors has acconplished
the present invention. That is, the present invention relates to a gas oi
conposi ti erRmOEPpaiLSINg pchasergas @ | apaodunedluby ilcDhtiact icg ameani mal or
vegetabl e fat and/or a conponent originating therefrom with a '

hydr ot r eakiing: ugat & fySgpeontat Ri BG alx L 8asth Yngaqr 4re netals sel ected
fromthe group consisting of the Goups 6A and™ 8 netals of the periodic

tabl e and an ingraani £o0xi de Ui L AG gl 6pR QRer Lhes,s undeg chydrogen

pressure, the sulfur and oxygen contents of the gas oil conposition being

5 ppm by s por_less and .1 percent. b s ar _ l.ess, respectivel The
present i ﬁ‘vz< J?oenS Fé:omrlé{ltalfgg ?6Oéjugéla%g§| FomCS%éus?%i%rﬁac%%ﬁﬁts?gnéea base
gas oil contacting a m xed oil _of an ani .qgﬁable f at

produceg b% g mal or ve
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by refining crude oil, with a hydrotreating catalyst containing at |east
one or reduced in harmful eXhaust components and life cycle

CO, emissions, can improve fuel efficiency, gives less
adverse affect on parts, and has excellent exhaust gas
properties, oxidation stability, and low temperature
startability. Since these engine performances are
closely related to other fuel properties, 1t 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 o0ils and a realistic process for
producing such a fuel.
The present invention was made in view of the
. above-described situations and has an object to provide
a gas 0il composition which comprises an environment
friendly base gas o0il produced from a
triglyceride-containing hydrocarbon, which is an
animal or vegetable fat or a component originating

therefrom, and has excellent life cycle CO, emission



nore netals selected fromthe group consisting of the G oups 6A and 8
nmetals of the periodic table and an inorganic oxide with acidic properties
under hydrogen -7 pressure, the sulfur and oxygen contents of the gas oi
conposition being 5 ppm by nass or less and 1 percent by nass or |ess,
respectively. The present invention also relates to a gas oil conposition
conprising a base gas oil mxed with a hydrorefined oil fromcrude oil at a
ratio of 30 to 50 percent by volunme : 50 to 70 percent by volune, the base
gas oil being produced by contacting an animal or vegetable fat and/or a

conponent _origi nating therefr W th a catal yst conprjsi.ng a porous

i nor gani cpgﬁ%%rgc}&rﬁg’aifrﬁ% etﬁgl&leﬁbcf%’e?)é ﬁttsl%’élsgg?b&lflg%ﬁrtﬁ%sjroup
consisting of alumnum silicon, zirconium boron, titanium and nmagnesium
and at | eastt opE1FE no? ePRetta? ST EE &8 S oA Ehel QF oS HORERSUTR) of the
Goup 8 netals of the periodic table supported thereon, under the

condi ti ons twhet @btild thydr ogen pressure is from2 to 13 MPa, the liquid
hourly space velocity is fromO0.1 to 3.0 h-1, the hydrogen/oil ratio is

from 150 to 1508sNe/ keswnt bheexaact s 0n et ermeddbw ¢ f&omakdithées,380C,
and the gas oil conposition having the followi ng properties: a 90%

drSti||atk%@tfHW@ﬁ%bWEEHﬁs3§99dﬂp19§%%d h&0b ak A PIB] h GG §AL, Oof 15
percent by volume or less; a cetane index of 45 or greater;

That is, the present invention relates to a gas
0il composition comprising a base gas oil produced by
contacting an animal or vegetable fat and/or a
component originating therefrom, with a hydrotreating
catalyst containing at least one or more metals
selected from the group consisting of the Groups 6A and
8 metals of the periodic table and an inorganic oxide
with acidic properties, under hydrogen pressure, the
sulfur and oxygen contents of the gas oil composition
being 5 ppm by mass or less and 1 percent by mass or
less, respectively.

The present invention also relates to a gas oil
composition comprising a base gas o0il produced by
contacting a mixed o0il of an animal or vegetable fat
and/or a component originating therefrom and a
petroleum base oil produced by refining crude oil, with
a hydrotreating catalyst containing at least one or
more metals selected from the group consisting of the
Groups 6A and 8 metals of the periodic table and an

inorganic oxidé with acidic properties under hydrogen



-8 a sulfur content of 5 ppmby nmass or |ess; an oxygen content of 1 percent
by mass or less; a triglyceride content of 0.01 percent by mass or |ess;
an acid nunber of 0.13 ngKOH g or less; an increase in acid nunber after an
oxidation stability test of 0.12 ngKOH/ g or less; and a single ring
napht hene content of 10 percent by volune or nore. The present invention
also relates to a gas oil conposition conprising a base gas oil mxed with
a hydrorefined oil fromcrude oil at a ratio of 30 to 50 percent by vol une
50 to 70rpercent by volune, the base gas oil bein roduced by contacting

n
a mxed oPFoi346€ 1t hg?)sdb]r%‘éﬁtaB? V&1 of ©Bh <A fc}'rh%e%%?a%Fi f at
and/ or a conponent originating therefromand 90 to 10 percent by vol une of
a petrol eGATHRRELSGIOW RALAG Y fRP™ BYnfent s of £15 S dYyInas®orC ¢ 8Ss,
produced by refining crude oil, with a catalyst conprising a porous
i nor gani cbaxires eomai hEAG t WocBIP it Vellehents sel ected fromthe group
consisting of alumnum silicon, zirconium boron, titanium and nagnesi um
and at | east ofibeorp nosenietiahgesdliech ed 1fsraonr ¢ he tgroupocensiast iagl of the
Goup 8 netals of the periodic table supported thereon, under the
condi ti ong oshyes eittheohydpageni s9npr essuee d sgdsomi2l tnikddMPaitthhea |1 qui d
hourly space velocity is from0.1 to 3.0 h-1, the hydrogen/oil ratio
- hydrorefined oil from crude o0il at a ratio of 30 to 50
percent by volume : 50 to 70 percent by volume, the base
gas 0il being produced by contacting an animal or
vegetable fat and/or a component originating therefrom,
with a catalyst comprising a porous inorganic oxide
containing two or more elements selected from the group
consisting of aluminum, silicon, zirconium, boron,
titanium, and magnesium and at least one or more metals
selected from the group consisting of the Group 8 metals
of the periodic table supported thereon, under the
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 380°C, and
the gas o0il composition having the following
properties:
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;



is from150 to 1500 NL/L, and the reaction tenperature is from 150 to 380C
the gas oil conposition having the follow ng properties: a 90%distillation
tenperature of 360C or lower; a total aromatic content of 15 percent by
volume or less; a cetane index of 45 or greater; a sulfur content of 5 ppm
by mass or |ess; an oxygen content of 1 percent by nass or less; a
triglyceride content of 0.01 percent by mass or |ess; an acid nunber of
0.13 ngKOH g or less; an increase in acid nunber after an oxidation
stability test of 0.12 ngKOH g or |ess; and singl e ring napht hene content
of 10 percent by Svoluhe 6¥”H%?8t fhé Bré@%%?an ?oﬁraﬂ§%g?elates to a
gas oil conposition conprising a base gas oil with an

i sopar af fi n/ n- pafafrind At iC@ bEFSB L2 U grgﬁtré’re,nﬁi R¥d M EhO& HyRF Br ef i ned
oil fromcrude oil at a ratio of 30 to 50 percent by volune : 50 to 70
percent by vol ufet ritHey pasé dfas Vit ebéi of Pr-dibicedrbg ot vdtd #§ am ani mal
or vegetable fat and/or a conponent originating -10 therefrom with a

catal yst conpri $esga support containing a crystalline nolecular sieve and
one or nore netals selected fromthe group consisting of the G oups 6A and
8 netal s of theaperdoidcntatbersw@podt &d ndkOHIy andéredhe conditions

where the hydrogen
. an increase in acid number after an oxidation
stability test of 0.12 mgKOH/g or less; and

a single ring naphthene content of 10 percent by

volume or more.

The present invention also relates to a gas oil
composition comprising a base gas o0il mixed with a
hydrorefined oil from crude oil at a ratio of 30 to 50
percent by volume : 50 to 70 percent by volume, the base
gas 01l being produced by contacting a mixed oil 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 oil with a sulfur
content of 15 ppm by mass or less, produced by refining
crude o0il, with a catalyst comprising a porous

- inorganic oxide containing two or more elements
selected from the group consisting of aluminum, silicon,
zirconium, boron, titanium, and magnesium and at least
one or more metals selected from the group consisting

of the Group 8 metals of the periodic table supported

thereon, under the conditions where the hydrogen



pressure is from2 to 13 MPa, the liquid hourly space velocity is fromO.1
to 3.0 h-1, the hydrogen/oil ratio is from250 to 1500 NL/L, and the
reaction tenperature is from 150 to 380C, and the gas oil conposition
having the following properties: a 90%distillation tenperature of 360C or
|l ower; a total aromatic content of 15 percent by volune or |less; a cetane
i ndex of 45 or greater; a sulfur content of 1 ppm by mass or |ess; an oxygen
content of 1 percent by mass or less; a triglyceride content of 0.01
percent by mass or less; an _acid nunber of 13, mgKOH/ g or _l ess; an
i ncrease PASdcT WE Ruiert 20Me? 4R dd d\é??onths@t abt APy tké%‘tlréﬁ’ G.PI3C frgkoH g
or less; a cold filter Iug%;ng poi nt (CFPP) of -5C or |ower; a pour point
(PP) of -Yedawitowes: famd 011 0 iBoPakraff itia-Bafaoden ( atilo Hat t fe
paraffin contained in the conmposition of 0.80 or greater. The present
i nventionial §oamellai @stvolaldfadilofl, esorpoia iree compr Jiampa risdser gas oi |
with an isoparaffin/n-paraffin of 0.2 or greater, mxed with a hydrorefined
oil from é¢suder@ml 1810 a ¢ aBBA °af, 30hieo g b perncenimbpy svidd Loe haS0ing 70
percent by volume, the base gas oil being produced by contacting a m xed
oi | the following properties:

- 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 5 ppm by mass or less;

an oxygen content of 1 percent by mass or less;

a triglyceride content of 0.01 percent by mass or

less;

an acid number of 0.13 mgKOH/g or less;

an increase in acid number after an oxidation

stability test of 0.12 mgKOH/g or less; and

a single ring naphthene content of 10 percent by

volume or more.

The present invention also relates to a gas oil
composition comprising a base gas oil with an
isoparaffin/n-paraffin ratio of 0.2 or greater, mixed
with a hydrorefined o0il from crude o0il at a ratio of
30 to 50 percent by volume : 50 to 70 percent by volume,

the base gas 0il being produced by contacting an animal

or vegetable fat and/or a component originating

-10-



of 10 to 90 percent by volume of an animal or vegetable fat and/or a
conponent originating therefromand 90 to 10 percent by volune of a
petrol eum base oil with a sulfur content of 15 ppm by nass or |ess produced
by refining crude oil, with a catalyst conprising a support containing a
crystalline nolecular sieve and one or nore netals selected fromthe group
consisting of the Goups 6A and 8 netals of the periodic table, supported
thereon, under the conditions where the hydrogen pressure is from2 to 13

MPa, the UId hourly ? ace velo |t% is fromO0.1 -1, tthe
hydr ogen/ r?SFP5“|§”f nf?S%aFS' i ﬂLFElréﬁdrﬁhe rééﬁﬁ?%ﬁ t enper at ur e
i's fron1150 to 38QC, the gas oil _ .conposition having the follomﬁng

prome|e§OQ$@B@&&%n?lFéﬂ%ﬁ@%éﬁ&ﬁa?9#§Qﬁ1360é%ﬁVFmﬁﬂ °Ret &l
aromatic content of 15 percent by volune or less; -12 a cetane index of 45
or great eRO e SR Far Scart bRE tofd If Bpih by aiEE0 B8P Fedss 1 ah 1o geh €bAt ent of
1 percent by mass or less; a triglyceride content of 0.01 percent by mass
or | ess; Garp e dohuaber 8ofne(t.a.l_BsngKC]:-Ih@ pred egdicat dmkteeagseriaraedd nunber
after an oxidation stability test of 0.12 ngKOH g or less; a cold filter
plggmrm poient e 6 CFPR)n dé r- 3G ®r colnaivet { oa spouinepe thé PRy dfog2@C or | ower;
aq pressure is from 2 to 13 MPa, the liguid hourly space
velocity is from 0.1 to 3.0 h™*, the hydrogen/oil ratio
is from 250 to 1500 NL/L, and the reaction temperature
is from 150 to 380°C, and
the gas o0il composition having the following
properties:
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 1 ppm by mass or less;
an oxygen content of 1 percent by mass or less;
a triglyceride content of 0.01 percent by mass or
less;
- an acid number of 0.13 mgKOH/g or less;
an increase in acid number after an oxidation
stability test of 0.12 mgKOH/g or less;
a cold filter plugging point (CFPP) of -5°C or

lower;

a pour point (PP) of -10°C or lower; and

._11_



a isoparaffin/n-paraffin ratio in the paraffin contained in the conposition
of 0.80 or greater. The present invention also relates to a gas oil
conposition conprising a mxture of any of the aforesaid gas oil
conpositions and a hydrorefined oil fromcrude oil. The present invention
also relates to any of the aforesaid gas oil conpositions having the
followng properties: a flash point of 50C or higher; a 90%distillation
tenperature of 350C or lower; a pour point (PP) of -7.5C or lower; a cold
filter plugging paint CFE’IJC? of, -5C or _ lower; -13 a cgrbon resi due of the
10%distillatiof restRadafiin/ 2 RAteht By Fasd britesdi® Petfdne Pndex of
45 or greater; and a kinematic viscosity at 30C of 2.5 nmmR/s. The present
i nvention al so FOrdtasned afy tote t hemP&iok edaid Ofad of P esnPésiat ®Rs havi ng
the followng properties: a 10%distillation tenperature of from 140C or

hi gher to 190C Elhq RNee sea tf | arepdiinen of 148C e Lhitghert caag@®@ @i ¢t il | ati on
tenperature of 330C or |ower; a pour point (PP) of -20C or lower; a cold
filter pl eggimgspdiimn (CERRr bs inPCGobadeoweas o1l with an

) isoparaffin/n-paraffin of 0.2 or greater, mixed with
a hydrorefined o0il from crude o0il at a ratio of 30 to
50 percent by volume : 50 to 70 percent by volume, the
base gas o0il being produced by contacting a mixed oil
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 o0il with a
sulfur content of 15 ppm by mass or less produced by
refining crude o0il, with a catalyst comprising a
support containing a crystalline molecular sieve and
one or more metals selected from the group consisting
of the Groups 6A and 8 metals of the periodic table,
supported thereon, under the conditions where the
hydrogen pressure is from 2 to 13 MPa, the 1liquid hourly
space velocity is from 0.1 to 3.0 h™!, the hydrogen/oil
- ratio is from 250 to 1500 NL/L, and the reaction
temperature is from 150 to 380°C, the gas o0il
composition having the following properties:
a 90% distillation temperature of 360°C or lower;
a total aromatic content of 15 percent by volume

or less;

_12_



a carbon residue of the 10% distillation residue of 0.1 percent by mass or
| ess; a cetane index of 45 or greater; and a kinematic viscosity at 30C of
2.0 m®2/s. According to the present invention, there is provided a gas oi
conposition conprising the above-described environment friendly base gas
oil produced froma triglyceride-containing hydrocarbon, which is an

ani mal or vegetable fat or a conponent originating therefromused as the
raw material and thus having excellent properties such as life cycle CO2
-14 em ssion properties, fue|l efficiency, oxidation stability, |ess
affective to pa?tgeﬁﬁﬂb%rﬁfﬁg?xaﬁé V%ﬁ/gfeﬁﬁ%?ﬁ%ﬁﬁé startability, the

achi evenent of which properties has been difficult with the conventi onal
gas oil conpos?tPonst UFBESM WBAE o EaPP nyY ol IhHeCFnviehtFon] The

present invention will be described belowin nore detail. One of the
conponent s cons&Nt @eiYHE Rhecgese bl © fcohpdsFGieght of Yt Fet % egéntl S :wention is
an environnent friendly base gas oil, which is a hydrocarbon-contai ni ng

m xed fraction produgéd/ byridentcavttagtan fafi.fbl o reeget &y endas and a
cqonponent originating therefromused as a feedstock with a hydrotreating
catal yst contai hesgat | east one or nore netals selected fromthe G oups 6A
and 8 netals of the periodic table and an inorganic oxide with acidic
an acid number of 0.13 mgKOH/g or less;
an increase in acid number after an oxidation
stability test of 0.12 mgKOH/g or less;
a cold filter plugging point (CFPP) of -5°C or
lower;
a pour point (PP) of -10°C or lower; and
a isoparaffin/n-paraffin ratio in the paraffin
contained in the composition of 0.80 or greater.
The present invention also relates to a gas oil
composition comprising a mixture of any of the
aforesaid gas 01l compositions and a hydrorefined oil
from crude oil.
The present invention also relates to any of the
aforesaid gas o0il compositions having the following
: properties:
a flash point of 50°C or higher;
a 90% distillation temperature of 350°C or lower;
a pour point (PP) of -7.5°C or lower;
a cold filter plugging point (CFPP) of -5°C or

lower;
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properties, under hydrogen pressure. The environnment friendly base gas oi
used in the present inventionis a gas oil fraction or a kerosene

fraction, produced by hydrotreating a specific feedstock, or a m xture of
these fractions. The feedstock is necessarily an aninmal or vegetable fat or
a conponent originating therefrom -15 Exanples of the animal or vegetable
fat or the conponent originating therefromused herein include natural or
artificially made or produced ani mal or vegetable fats, aninmal or vegetable
fat conponents, and/or conponents made or produced fromthese fats, and
conponents to b CAAGEd ot St AE S Rripdse® of O raitSh bt AG Tor O R nbFEVTHEt he
quality of these fat products. Exanples of raw materials of the aninmal fats
and ani mal oil °fnfl-ddePebeemt aPVoWa sl R akSEButter), lard, mutton
tallow, whale oil, fish oil, and liver oil. Exanples of raw materials of
the veget abl e fat sedmhwedotdst ecdi IS dnclakathe ;sexdd and ot her parts of
coconut, palmtree, olive, safflower, rape (rape blossons), rice bran,
sunfl ower, cott@nkseetataocn,vsoyolbdany sesah®® Cawmd 2| Axseed.s Fats or oils
ot her than those produced from these naterials nmay al so be used in the
present inventThs. pthesdreedshockst ey, ke ©6 soelliadt o toqandg dttlaee
preferably produced fromvegetable fats or vegetable oils with the

obj ectiveagh easyihant i ngi 1l cashpd i Oxbde abseipld vihy, famdl bivahg
productivity. Alternatively, waste oils resulting fromthe use of
properties:

a 10% distillation temperature of from 140°C or

higher to 190°C or lower;

a flash point of 45°C or higher;

a 90% distillation temperature of 330°C or lower;

a pour point (PP) of -20°C or lower;

a cold filter plugging point (CFPP) of -12°C or

lower;

a carbon residue of the 10% distillation residue

of 0.1 percent by mass or less;

a cetane index of 45 or greater; and

a kinematic viscosity at 30°C of 2.0 mm?/s.

According to the present invention, there is
provided a gas o0il composition comprising the
above-described environment friendly base gas oil
produced from a triglyceride-containing hydrocarbon,
which i1s an animal or vegetable fat or a component

originating therefrom used as the raw material and thus

having excellent properties such as life cycle CO;
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t hese animal and vegetable oils for household, industry and food
preparation purposes nmay be used as the feedstock after the residual
matters are renoved from these oils. -16 Exanples of the typica

conposition of the fatty acid part of the glyceride conmpounds contained in
these feedstocks include fatty acids, so-called saturated fatty acids
havi ng no unsaturated bond in the nolecules, such as butyric acid
(C3H7/CX0OH), caproic acid (C5HL1000H), caprylic acid (C7H15000H), capric acid

(COH19000H),, lauric acid (ClL1H23 , ristjc acid C%BHZYCOOH), pal mtic
aci d (C15R81600H D S FEHG v C?ggﬂm% L ePfY rsR EaA%d GRsat ur at ed
fatty acids _having one or nore unsaturated bonds in the nol ecules, such as
ol ei ¢ aci 8teETH3BG00ME S § ithbf 8F¢ 1aef o © (AYEHS106GH S L TRiefol &t ¢ beld
(C17H29COCH) and ricinoleic acid (C17H32(OH) 000H) . In general, the
hydrocarb@ﬁmﬁﬁﬁ@§Wﬁetﬁé§éﬁ%@%9l&ﬁthbﬁﬂ%ﬂhéGWQﬁ%DEMQﬁmﬁélqusting in
nature are nostly of straight chain. However, the fatty acid may be any of
t hose havim@prersides bha hestr dotiuf ecuiltew i titsdrier s asveong asalhgas
properties defined by the present invention are satisfied. The unsaturated
fatty aci difnycbrepayi ©f ontshose exi stence of which are generally recognized
in nature as well as those having an unsaturated bond per nolecule, the
pasi tion of which is adjusted through chem cal synthesis as long as the
properties defined by the present invention are satisfied.

[Best Mode for Carrying out the Invention]

The present invention will be described below in
more detail.

One of the components constituting the gas oil
composition of the present invention is an environment
friendly base gas o0il, which is a
hydrocarbon-containing mixed fraction produced by
contacting an animal or vegetable fat and a component
originating therefrom used as a feedstock with a
hydrotreating catalyst containing at least one or more
metals selected from the Groups 6A and 8 metals of the
periodic table and an inorganic oxide with acidic
properties, under hydrogen pressure.

- The environment friendly base gas 0il used in the
present invention is a gas o0il fraction or a kerosene
fraction, produced by hydrotreating a specific
feedstock, or a mixture of these fractions.

The feedstock is necessarily an animal or

vegetable fat or a component originating therefrom.
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The above-descri bed feedstocks (animal or -17 vegetable fats and conponents
originating therefron) contain one or nore of these fatty acids, which vary
depending on the raw materials. For exanple, coconuts o0il contains a
relatively | arge anount of saturated fatty acids such as lauric acid and
nyristic acid while soy bean oil contains a | arge anount of unsaturated
fatty acids such as oleic acid and |linoleic acid. The feedstock contains a
fracti on whose boiling point is 250C or higher, nore preferably a fraction
whose boiling point is 300C or higher, and nore referably a fraction whose
boi 1 ng Jot ATFIE SEUCTSE i Ghel. SF 1V ¢ A PEbLS Lotk Torit's IROMBOREILE i on
whose boiling point is 250C or higher, the yield of a liquid product would
be decrea®Bdddue t bngn GhirFedsen nigas Yoraed durshydend tvdact ioh,
possibly resulting in an increase in |ife cycle carbon dioxide.

Al t er nat i ety itdvea dedneok ormay rived W aidxe i@ aof o i ede hab ler fedget abl e f at
and a conponent originating therefrom wth a petrol eum hydrocarbon

fracti on.ahnmatlhicsr casege tialtel suf & tr coomt@ne nafs ;t leen pébrolceump base tos |
produced by refining crude oil (petroleum hydrocarbon fraction) is

preferablyade ppmpls dREs O d@s St a8d endrag s prefidr abimp d 1 etk tto Ppm by
mass. Wien the feedstock is such a mxture, the percentage of the petrol eum

hydr ocar bgadiactd onc hs prafss abl ¥ «f kem 404t 995-38 persest 1hy wolame, nore
preferably from30 to 99 percent

quality of these fat products. Examples of raw
materials of the animal fats and animal oils include
beef tallow, milk fat (butter), lard, mutton tallow,
whale o0il, fish o0il, and liver oil. 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. Fats or oils other than those produced from
these materials may also be used in the present
invention. The feedstocks may be of solid or liquid
but aré preferably produced from vegetable fats or
vegetable o0oils with the objective of easy handling,
carbon dioxide absorptivity, and high productivity.
Alternatively, waste oils 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 Qils.
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by vol une, and nore preferably from60 to 98 percent by volune, of the
total volunme of the feedstock. If the percentage is |ess than the | ower
limt, there nay arise the necessity of facilities for disposal of

by- produced water. |If the percentage exceeds the upper limt, it is not
preferable in viewof life cycle carbon dioxide reduction. Exanples of the
petrol eum hydrocarbon fraction include straight gas oil produced by an

at nospheric distillation unit for crude oil; vacuumgas oil produced by

treating straight heavy oil or residue from an atnospheric dl%tillation
unit, in a vac mRil&d 19t t bR GHRLcaht EPW:IQ:%FFfrOd} atkedh 6r ot r eat ed
gas 0|I produced by catalytic cracking or hydrotreating vacuum heavy gas
oi | or desaifuPpzddoffuthe gillyCcahddify8rd? 1 hed 6P HyIt BESs &N thieARl gas oi |
produced by hydrorefining any of these petroleum hydrocarbons. Preferred
are heavyfsedasitghtkgas rot l udrd £ yatyura gagdsai Is ¢ novileve &f skitfer ayelde car bon
di oxi de reduction. The oxygen content of the feedstock is preferably from
0.1 to 15fpetcenicibys messingone pnefeerabby efd brand itro thbe pey tent Uwys ass,
nore preferably from3 to 14 percent by mass, and particularly preferably

from5 tosuch9 &8 parcent cby Jmss(cQR,theHasi sa@frdhe taetiad mass of the
feedstock. If the oxygen content is less than 0.1 percent by mass, it tends

to be dif{icHlfcoOuTBl néabhyist@bhe ideoxidizat bom)andedpsuld ugtzat i on
activities.

(C9H19COOH), lauric acid (C;1H,3COOH), myristic acid
(C13H2,7CO0OH), palmitic acid (C;sH3;COOH), stearic acid
(C17H35COOH), and so-called unsaturated fatty acids
having one or more unsaturated bonds in the molecules,
such as oleic acid (C;7H33COOH), linoleic acid
(C17H31CO0OH), linclenic acid (C17H,9COOH)and ricinoleic
acid (Cj17H3, (OH)COOH) . 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
moclecule, 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
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If the oxygen content is nore than 15 percent by nmass, there may arise the
necessity of facilities for disposal of by-produced water, and the catal yst
to be wused is reduced in activity and strength due to excess nutual
interaction between water and the catal yst support. The sul fur content of
the feedstock is preferably 15 ppm by nmass or |l ess, nore preferably 10 ppm
by mass or less, and nore preferably 5 ppmby mass or |ess, on the basis
of the total nass of the raw oil. If the sulfur content is in excess of 15
ppm by mass, it tends to be difficult to maintain stable deoxidization
activity,VaAg HaR! fes@m M Ay 8PERI PR T L EAFL T Ipé NFEFEISA i n

sul fur content and woul d adversel af fect the exhaust post-processing

syst em wheAltsed agnef @&l FoF €a i eskP Séngi het YT SaFH u ebrb el W ed
herei n denotes the content by mass of the sulfur conponents neasured in
accor dancéepetid g ®n2cae ra@ udd «ofladnd pdie vl exampriciuct &< Patdrsr nat i on
of sulfur content” or ASTM D5453. The conditions of hydrotreating the

f eedst ockoale cor?faasn sf dd | oed.att heehydriogegepraassung inft ke trangeeof 2 to

20 MPa, preferably 2.5 to 17 MPa, and nore preferably 3 to 16 MPa, liquid
hourly spagetwehedcidy htBVisi hatuliel ¢ reang@ ®Hd0mrtics3i 0 held pheflesably 0.2
to 2.0 h-1, and nore preferably 0.3 to 1.8 h-1, and hydrogen/oil ratio in

t he ranges@g 10a 4002000 dhkla i s ehenabl ye3@Ghd @nt8QF hhkl,t @ngtewr e
preferably 350 to 1600 NL/L.

fatty acids such as oleic acid and linoleic acid.
The feedstock contains a fraction whose boiling
point is 250°C or higher, more preferably a fraction
whose boiling point is 300°C or higher, and more
preferably a fraction whose boiling point is 360°C or
higher. 1If the feedstock contains no fraction whose
boiling point is 250°C or higher, the yield of a liquid
product would be decreased due to an increase in gas
formed during the production, possibly resulting in an
increase in life cycle carbon dioxide.
Alternatively, the feedstock may be a mixture of
an animal or vegetable fat and a component originating
therefrom, with a petroleum hydrocarbon fraction. In
this case, the sulfur content of the petroleum base oil
produced by refining crude 0il (petroleum hydrocarbon
fraction) is preferably 10 ppm by mass or less and more
preferably from 1 to 5 ppm by mass. When the feedstock
is such a mixture, the percentage of the petroleum

hydrocarbon fraction is preferably from 10 to 99
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Each of the conditions is a factor exerting an influence on the reaction
activity. For exanple, if the hydrogen pressure and hydrogen/oil ratio are
less than the lower limts, the reactivity tends to reduce, and the
activity tends to reduce rapidly. If the hydrogen pressure and hydrogen/oil
rati o exceed the wupper limts, an enornous plant investnent for a
conpressor nmay be required. Lower liquid hourly space velocity tends to be
nore advant ageous for the reactions. However, if the liquid hourly space
velocity is lower than the lower limt, an_enornous | ant i nvestnment for
const r uct PBR 61N e @ bimgi-t Ro&® PR TRREPY Y &rgan @éfﬁr?e%%?el%é? §Rbui r ed.

If the liquid hourly space velocity exceeds the upper limt, the reaction
tends to Prodeedumnasufiidieatley.p @6 eradet vr fmmym beOott ca 38 xe@ Hserh frode.
That is, supply of hydrogen to an oil to be treated (feedstock) my be
carried ooty ivio Ihmef,orani of heounitea lf vavi wme- 21 panal Ifeledsowc kAl t eFhati vel y,
counter flow and parallel flow my be conbined by using a plurality of

react ors. t ke psuppd i tapde iof 1desfeadst atkei Bowgenariall y, dewe fd avay
Gas-liquid cocurrent flow may be enployed. The reactor may be a single

reactor osras<£offlenatd @8sefi 3y phyralddyiek reactens.dAspidyd 8 offeactor with
the interior segnented into a plurality of catalyst beds may al so be

enpl oyed. bynﬁf@daew%t d pventicony cthe dicsti b batex hudi s efd e oyt he
reactor 1S fractionated into predetermned fractions through

limit, it is not preferable in view of life cycle carbon
dioxide reduction.

Examples of the petroleum hydrocarbon fraction
include straight gas o0il produced by an atmospheric
distillation unit for crude o0il; vacuum gas oil
produced by treating straight heavy oil or residue from
an atmospheric distillation unit, in a vacuum
distillation unit; catalytically cracked or
hydrotreated gas 0il produced by catalytic cracking or
hydrotreating vacuum heavy gas oil or desulfurized fuel
0il; and hydrorefined or hydrodesulfurized gas oil
produced by hydrorefining any of these petroleum
hydrocarbons. Preferred are heavy straight gas oil and
vacuum gas oil in view of 1life cycle carbon dioxide
reduction.

The oxygen content of the feedstock is preferably
from 0.1 to 15 percent by mass, more preferably from

1 to 15 percent by mass, more preferably from 3 to 14

percent by mass, and particularly preferably from 5 to
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gas-liquid separation and rectification. Thereupon, if noisture is produced
in associated with the reaction and the sulfur conponents are contained in
the oil to be treated, hydrogen sulfide nay be generated. Therefore, a
gas-liquid separation device or any other by-produced gas renoval device
may be installed between the plurality of reactors or in the product
recovering step. Hydrogen. is generally introduced into a first reactor
via its inlet, acconpanying the oil to be treated, before or after the oi
passes through a heating furnace. Alternapivelg, hydr ogen_gas nay be

i nt r oducel3f PEA% Pt spac & Het ween e kasdisystt bels toit bt eSS Lhlurality
of reactors for the purposes of controlling the tenperature in the reactors
and -22 nmahst diemidyt ph& hydr bgeheprayage ovei etthe iwhol @s sr éd@mrk. 1 Hydr ogen
to be introduced in such a manner is referred to as "quenchi ng hydrogen”.
The per ceptage nof byyheaguencht ng emdls ogenbeo dtilef hydridgeno i ma i oduced,
acconpanying the oil to be treated is preferably from 10 to 60 percent by
vol ume angdtabrles pdeberiabl yatri@m 1bndt deSh peuecena by owolawnei vIhea ¢per cent age
of less than 10 percent by volume would cause a tendency that the reaction
at reactipm shiesgthecouwhseqguent slages hgdaes snpte proseed ysufdfd €] ently.
The percentage of nore than 60 percent by volune woul d cause a tendency

t Fag]g _ C_t Qﬁ‘f lﬁ%affa i RByneari Lhe dyy ef c0fe d b Leart OF sdaes; AL 5 Progeed
suffici y.

disposal of by-produced water, and the catalyst to be
used is reduced in activity and strength due to excess
mutual interaction between water and the catalyst
support.

The sulfur content of the feedstock is preferably
15 ppm by mass or less, more preferably 10 ppm by mass
or less, and more preferably 5 ppm by mass or less, on
the basis of the total mass of the raw oil. If the
sulfur content is in excess of 15 ppm by mass, it tends
to be difficult to maintain stable deoxidization
activity, and the resulting hydrorefined oil tends to

be increased in sulfur content and would adversely

Y&

affect the exhaust post-processing system when used as
fuel for a diesel engine. The sulfur content used
herein denotes the content by mass of the sulfur
components measured in accordance with JIS K 2541
"Crude o0il and petroleum products-Determination of
sulfur content” or ASTM-D5453.

The conditions of hydrotreating the feedstock are
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In the present invention, the feedstock may be treated wth a hydrotreating
catal yst al one. However, the volune of each of a hydropretreating catal yst
and the hydrotreating catalyst may be arbitrarily adjusted in order to
obtain a sufficient hydrogenation activity by reducing the oxygen content
of the distillate treated with the hydropretreating catal yst. The
percentage of the hydropretreating catalyst volunme to the total catalyst
volune is preferably from10 to 90 percent by volunme and nore preferably
from25 to 75 percent by volune. If the percentage is less than the | ower
limt, thesoXygelhoeont éhte dfydhegdirstotéater3inreltedawnidd ¢he2 to
hydropretreating catal yst could not be reduced sufficiently. If the

per cent age0i 1wy eprelfardbeyuppey 4o m v, Mehe readt mon evaut € featapt pceed
sufficiently. The oxygen content of the distillate treated with the

hydr opr et geabi ng a3l ¥Stqh $qPReheraplap 40epeeaait i thy (massy prih esigeand nore
preferably 30 percent by nass or |ess, of that of the feedstock. The oxygen

conponent $ .¢QJ¥ ab pegl inithe dj sgid | aglee?%fr%r&gebn@ GOt agtgdl Wit gt he
hydrotreating catal yst poison the catalyst active sites ther eof. Therefore,

e OXugan £ont et of ,the sdist bl Iteaf Lara bek ng ot agt dravxeip the

hydropretreatl g catal excée 0 per cént safficien
st vty aul g o, be obi g npd 1 ascessary Lo addition ip e
NL/L, and more preferably 350 to 1600 NL/L.

Each of the conditions is a factor exerting an
influence on the reaction activity. For example, 1if
the hydrogen pressure and hydrogen/oil ratio are less
than the lower limits, the reactivity tends to reduce,
and the activity tends to reduce rapidly. TIf the
hydrogen pressure and hydrogen/oil ratio exceed the
upper limits, an enormous plant investment for a
compressor may be required. Lower liquid hourly space
velocity tends to be more advantageous for the
reactions. However, if the liquid hourly space
velocity is lower than the lower limit, an enormous
plant investment for construction of a reactor with an
extremely large volume may be required. 1If the liquid
hourly space velocity exceeds the upper limit, the
reaction tends to proceed insufficiently.

The reactor may be of a fixed bed mode. That is,
supply of hydrogen to an oil to be treated (feedstock)

may be carried out in the form of counter flow or
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a denetal lization catalyst, and an inert filler may be wused alone or in
conbi nation for the purposes of trapping the scale fraction flowng into
the reactor, acconpanied with the feedstock and supporting the

hydr ogenati on pretreatnent catal yst and the hydrogenation catalyst at
portions segnenting the catalyst beds. Furthernore, a catalyst having a
hydr ogenation activity may be used in the subsequent stages of the
hydrotreati ng catal yst for the purposes -24 of hydrostabilizing
deconposition products. The_reaction tenperature can be arbitrarily

adj ust ed B8l +8lodtl? W-t h8 LitRenaéd e rbRT rat 8¥offtthe heavy
fraction of the feedstock or the intended fraction yield. Furthernore, the
reacti on PR&rpet@lufdsL Me ke PRy Gropp éhreshtd gl eanal ystP seEeilernt Y apd t he
hydrotreati ng catal yst section can be arbitrarily adjusted, respectively so
as to suppeesstorhe oXijlgenscement mofidg hefditdid | faesitteaked svith the
hydropretreating catalyst to a level lower than the aforesaid upper limt.
The aver agertcermpéigt doevr 1f tde. wWialse- I fgatiat £ dsu sekrtto fgevermad lyyo&rom 330
to 480C, preferably from 350 to 450C, and nore preferably from 360 to
430C, so ampglogkbaow theer eactd0ort eapf oseed suhbile enthy tayd produce
gasol i ne, kerosene, and gas oil with predeterm ned properties. If the
reaction JgMpenaturd issl querihhan {0 bawercbhicmdrstheareagiyea would not
proceed sufficiently. If the reaction ~tenperature exceeds the upper limt,

eXCeSSIVeyroactor with the interior segmented into a plurality

of catalyst beds may also be employed. 1In the present
invention, the distillate hydrorefined in the reactor
is fractionated into predetermined 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 o0il to
be treated, hydrogen sulfide may be generated.

Therefore, a gas-liquid separation device or any other
by—producedgasremovaldevicemaybeinstalledbetween
the plurality of reactors or in the product recovering

step.

LY

Hydrogen is generally introduced into a first
reactor via its inlet, accompanying the oil to be
treated, before or after the o0il passes through a
heating furnace. Alternatively, hydrogen gas may be
introduced from the spaces between the catalyst beds
or between a plurality of reactors for the purposes of

controlling the temperature in the reactors and
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deconposition woul d proceed and the yield of the liquid product wuld be
reduced. The hydropretreating catalyst contains at |east one netal,
preferably two or nore netals selected from the G oups 6A and 8 netal s of
the periodic table. Exanple of such nmetals include Co-M, N -M, N -Co-M,
-25 and Ni-W Upon hydropretreatnent, these netals are converted to be in
the formof sulfides before being used. The support of the hydropretreating
catalyst is a porous inorganic oxide. The support is generally an

al um na-cont ai ni ng porous inorgani c oxide. Exanples of other conponents
const i t ut MAg theladppbr thiendlydecasin ipaestSH A VST rE8M a'Nakd boria. The
support is preferably a conposite oxide containing alumna and at | east
one or noreacvhporent $1welegeed o opet he totdhedr cegorist isuchng o@poaents. The
support may further contain phosphorus in addition to these conponents.

The t ot al iconténrtr ¢ dtthe acoffponent s iotdiary d hageal'um NBheise peefreragkey from 1
to 20 percent by nass and nore preferably 2 to 15 percent by nmass. If the
total costferthd SgheasHinag Ayperceah by HaSS hjdeogesulinbgodatabyst fails
to obtain a sufficient catalytic surface area and thus would be reduced in
activity. alcfcélﬁﬁanty%r@é €Rnat ent] itso NpE et than 2§ per gentirbyamass,f1HR acidic
properties of the support is increased, possibly leading to a reduction in

activity qaused dy gdecehar My ion ahcokf n¥en BhesphoLYs | s CoRt @kned as a
to 50 percent by volume. The percentage of less than
10 percent by volume would cause a tendency that the
reaction at reaction sites in the subsequent stages
does not proceed sufficiently. The percentage of more
than 60 percent by volume would cause a tendency that
the reaction near the inlet of the reactor does not
proceed sufficiently.

In the present invention, the feedstock may be
treated with a hydrotreating catalyst alone. However,
the volume of each of a hydropretreating catalyst and
the hydrotreating catalyst may be arbitrarily adjusted
in order to obtain a sufficient hydrogenation activity

by reducing the oxygen content of the distillate

e

treated with the hydropretreating catalyst. The

percentage of the hydropretreating catalyst volume to
the total catalyst volume is preferably from 10 to 90
percent by volume and more preferably from 25 to 75
percent by volume. If the percentage is less than the

lower limit, the oxygen content of the distillate
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support constituting conponent, the content of phosphorus is froml to 5
percent by mass and nore preferably from2 to 3.5 percent by mass in terns
of -26 oxide. There is no particular restriction on the raw materials which
are precursors of silica, titania, zirconia, and boria. Therefore, a
solution containing silicon, titanium zirconium or boron is generally
used. For silicon, silicic acid, sodiumsilicate, and silica sol may be
used. For titanium titaniumsulfate, titaniumtetrachloride, and various
al koxi de salts may be used. For zirconium zirconiumsulfate and vari ous

al koxi de s 8§ afhyw behusé® Fod riearont rigert endcice iy she Axedd POt
phosphorus, phosphoric acid and alkali netal salts thereof may be used. The
raw mat erbal secfuddese usuppolite ndohgt i t dtfi nghecprponents g hes trane al um na
are preferably added at any stage prior to calcination of the support. For
exanpl e, thenr awarai gpiedl Sl iy the tadeded etaa @hoal wd L nagugousce@dit i on
which is then fornmed into an al um num oxide gel containing these support
constitutdngr iconPepeRt.,s, or may be added to a prepared al um num oxide gel
Alternatlvely, the raw materials may be added at a step of kneading a

mixture of wal ey 0l 2qac dAAUERYSo roPhUt han @ndia comE gt ysauai | abl e

alum na interned ate boehmte powder. Preferably, these support

consti uti g ¢OMPONENL 58L& CoRtaLRed i s A UULIYD Y1 g gek oy ng the

process prepara

by mass or less and more preferably 30 percent by mass
or less, of that of the feedstock. The oxygen
components contained in the distillate before being
contacted with the hydrotreating catalyst poison the
catalyst active sites thereof. Therefore, 1if the
oxygen content of the distillate after being contacted
with the hydropretreating catalyst exceeds 40 percent
by mass, an sufficient activity would not be obtained.
If necessary, in addition to the hydropretreating
catalyst and hydrotreating catalyst, a guard catalyst,
a demetallization catalyst, and an inert filler may be
used alone or in combination for the purposes of
trapping the scale fraction flowing into the reactor,
accompanied with the feedstock and supporting the
hydrogenation pretreatment catalyst and the
hydrogenation catalyst at portions segmenting the
catalyst beds. Furthermore, a catalyst having a
hydrogenation activity may be used in the subsequent

stages of the hydrotreating catalyst for the purposes
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-27 thereof. Although the nechani smexhibiting advantageous effects
attained by addition of these support constituting conponents other than

al um na has not been elucidated, it is assunmed that these conponents form
a conpl ex oxide state together with alumnum It is thus presuned that this
increase the surface area of the support and cause sone interaction wth
the active netals, thereby giving influences to the activity of the

catal yst. The total supported amount of the active netals, for exanple, W
and Mo is referabl¥ from12 to 35 percent by mass and nore preferably from
15 to 30 Qer ST BY T akessl 2R g e‘?ﬁﬁoﬁ\‘p%ﬂaéorbfpfﬁé%ca’fﬁl yst mass. |f the
anount is less than the lower limt, the catalytic activity would be
reduced becausd e lmifbiet O8f LREPEE asiFes Gadl rBGudtP 1 L 3l ¥rount i s
more than the upper |limt, the netals fail to disperse effectively,

possi bl y #@adistgedosa raelut o orbtaicattdl §t iio teer fedt yecThe at bl ofuppor t ed
anount of Co and Ni is preferably from1l.5 to 10 percent by nass and nore
pref erablyateomf 2the & pervgerir by timss, o En tther nfeefd oxod&, cof the cat al yst
mass. |If the amount is less than 1.5 percent by mass, a sufficient

co-cat al yt he eefdegt feanc hobnbe, pé 1 ai.ned,ur ppesind yel eadicigrea s reduction in
catalytic activity. If the anount is nore than 10 percent by mass, the

netal s -28chaidr4 udiespanse 1ef fiegli-vel Ve t PASH Dh ¥ &%@llrggst;osactrlwctl on in
catal ytic activity.
and the hydrotreating catalyst section can be
arbitrarily adjusted, respectively so as to suppress
the oxygen content of the distillate treated with the
hydropretreating catalyst to a level lower than the
aforesaid upper limit. The average temperature in the
whole reactors is set to generally from 330 to 480°C,
preferably from 350 to 450°C, and more preferably from
360 to 430°C, so as to allow the reaction to proceed
sufficiently and produce gasoline, kerosene, and gas
0il with predetermined properties. If the reaction
temperature is lower than the lower limit, the reaction
would not proceed sufficiently. If the reaction
temperature exceeds the upper limit, excessive
he decomposition would proceed and the yield of the 1iquid
product would be reduced.
The hydropretreating catalyst contains at least
one metal, preferably two or more metals selected from

the Groups 6A and 8 metals of the periodic table.

Example c¢f such metals include Co-Mo, Ni-Mo, Ni-Co-MO,
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The catal yst used in the present invention, for hydrotreating an ani mal or
vegetabl e fat and/or a conponent originating therefrom contains at |east
one netal and preferably two or nore netals selected from the G oups 6A
and 8 netals of the periodic table. Exanples of these netals include Co-M,
Ni-Mb, Ni-Co-MO, and Ni-W Preferred exanples include Ni-M, N -Co-MO, and
Ni-W Simlarly to the hydropretreating catal yst, these netals are
converted to be in the formof sulfides before being used. Enployed for the
support of the hydrotreating catalyst are inorganic oxides with acidic
properti @énd NSpedi-fi Jrxanplyebr op riefer sappanit i nshwdee ppedusl si adrggani ¢

oxi des containing at |east one or nore elenent and preferably two or nore
el enent scogleetead fronbal um nune gidimonf zulkbhndem efome theanogum and
magnesi um Particularly preferred exanples include inorganic oxides

cont ai ni nged um num and anot her el enent (conpl ex oxi des of al um num oxi de
and another oxide). Exanples of the porous inorganic oxide include silica,

al um na, boriarha roeppart idantBe MENEShact ABdtzen)itetaPrederied
exanpl es of the conplex oxide -29 containing two or nore kinds of these

OX'des_'@CP&¥bu§'ih%%dﬂﬂ@hn@x1ﬁéfﬂ“@h@|§mﬂﬁbr90{bag@H€E£§ly an
zirconi a-alum na, titani a-zirconi a-al un na | i ca-bori a-al um na,

ﬁlica‘ZEWEmiﬁaaég%gginf%é 5gﬂg&§niﬁo¥dg%fé o%%he. Examples

of other components constituting the support include
silica, titania, zirconia, and boria. The support is
preferably a composite oxide containing alumina and at
least one or more components selected from the other
constituting components. The support may further
contain phosphorus in addition to these components.
The total content of the components other than alumina
is preferably from 1 to 20 percent by mass and more
preferably 2 to 15 percent by mass. If the total
content is less 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 bymass, the acidic
e 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 and more

preferably from 2 to 3.5 percent by mass in terms of
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silica-titania-zirconia-alumna. Mre preferred exanples include
silica-alum na, boria-alumna, zirconia-alumna, titania-zirconia-alumna,
silica-boria-alumna, silica-zirconia-alumna, and silica-titania-alum na.
More preferred exanples include silica-alumna and silica-zirconia-alum na.
Preferably, these conplex oxides contain zeolite. In the case where al um na
is contained, alumna can be contained in any percentage to other
conponents on the basis of the support. However, the content of alumina is
preferably 96 percent by mass or less and nore preferably 90 percent by
mass or besisdof the support mass. If the content is nore than 96 percent by
mass, the catalyst would fail to exert a desired hydrotreating activity
because sufficirertrackdi 6o Ppaperitd €523 & 9t ratdai 9ad.c fExanel as, of _
components other than silica, formng the crystalline structure of zeolite
used for pthe,  hydrotygating cat alyst, i-aclude gl wninactitapianshpria,  and
gallium Preferred zeolites incfude those -30 containing silica and alum na,
e, aluninossill cale pohere haye been.reparLed IBAY tupes o geal i te
crystalline struct’'ure,” such as faujasite, Weta, "nordenite, and pentasi
types. In  the present invention, nore preferred are faujasite, beta, and
pent asi | CybbS ChacaubEPediT t 8 JG1C T HOSE 1 ypEs PRRerE 1% SUFF PGt Y

hydrotreating activity. Particularly preferred are faujasite and beta
types. T seofPte§ilicon, silicic acid, sodium silicate, and

silica sol may be used. For titanium, titanium sulfate,

titanium tetrachloride, and various alkoxide salts may

be used. For zirconium, zirconium sulfate and various
alkoxide salts may be used. For boron, boric acid may
be used. For phosphorus, phosphoric acid and alkali

metal salts thereof may be used.

The raw materials of these support constituting
components other than alumina are preferably added at
any stage prior to calcination of the support. For
example, the raw materials may be added to an aluminum
aqueous solution which is then formed into an aluminum
oxide gel containing these support constituting
components, or may be added to a prepared aluminum oxide

> gel. Alternatively, the raw materials may be added at
a step of kneading a mixture of water or an acid aqueous
solution and a commercially available alumina
intermediate or boéhmite powder. Preferably, these
support constituting components are contained in an

aluminum oxide gel during the process of preparation
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may be adjusted in alum na content correspondingly to the stoichionetric
ratio of the raw materials upon initiation of the synthesis of the zeolites
or may be subjected to a hydrothermal treatnment and/or an acid treatnent.
Anong these zeolites, nost preferred are ultra-stable Y type zeolites
ultra-stabilized by a hydrothermal treatnent and/or an acid treatment. It
is assuned that the ultra-stable Y type zeolites have a m cro porous
structure peculiar thereto, so-called mcro pores of 20 A or smaller and
also newy formed pores in the range of 20 to 100 A, which pores provide
reaction Sitteseefcel PenthP8giconber fMagh e Re soxygeh 1 okpBRAent s contained in
fat conponents. The volunme of the pore with a pore dianmeter in this range
is preferaglvantpem@i93efiecbe ledriget ngmd wr @ dsket epablyL f EGRE 04 nl/ g
or larger. The pore volune used herein is generally determ ned by nercury
i ntrusi onsngthodt Fhe st3it hydmat lermmpd nemeas nenh e mayhbe edrumi edaoclia sunder
the known conditions. The nolar ratio of silica to alumna defined as the
physi cal proapebtiees o©f uthelad é¢da- sttabl e a¥ dyped stipsef erabsy from 10 to
120, nore preferably from 15 to 70, and nore preferably from25 to 50. If

tﬁe!nﬂarcwﬁégnb%ageﬂb@htﬁaaoﬁ%%e&h@ﬂﬁﬁglgk@teceb@é@ﬁeESW££mce¢in
acidic properties and thus would fail to exert a sufficient hydrotreating

activity. aifun i RGOl ar e 1ALl Opig I eSS than 10nathe iesul fng £atal yst  woul d
be too strong in acidic properties and thus encounter a rapid reduction in
activity %%%fgce area of the support and cause some interaction
with the active metals, thereby giving influences to
the activity of the catalyst.
The total supported amount of the active metals,
for example, Wand Mo is preferably from1l2 toc 35 percent
by mass and more preferably from 15 to 30 percent by
mass, in terms of oxide, of the catalyst mass. If the
amount is less than the lower limit, the catalytic
activity would be reduced because the number of active
sites is reduced. TIf the amount is more than the upper
limit, the metals fail to disperse effectively,
possibly leading to a reduction in catalytic activity.
The total supported amount of Co and Ni is preferably
: from 1.5 to 10 percent by mass and more preferably from
2 to 8 percent bymass, interms of oxide, of the catalyst
mass. If the amount is less than 1.5 percent by mass,
a sufficient co-catalytic effect can not be attained,

possibly leading to a reduction in catalytic activity.

If the amount is more than 10 percent by mass, themetals
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accel erated formation of coke. The content of the =zeolite is preferably

from2 to 80 percent by mass and nore preferably from4 to 75 percent by
mass, of the support nass. If the content is less than the lower Ilimt,

the resulting catalyst would fail to exert a sufficient hydrogenation

activity.

catalyst would be too strong in acidic properties and thus accel erate

formati on.
i nvention

two or norfed Blefént@lspEiete ed It AVEdihunPosid e b, 18 3€dRI9UN Cbér on,

titani um

catal yst may be a porous inorganic porous oxide containing two or nore

el enent s
magnesi um

zi T coni um
i nprovi ng
exanpl es

oxi des of

If the content is nore than the upper limt, the resulting

Exanpl es of another preferred catalyst used in the present

coke

i nclude catal ysts conprising a porous inorganic oxide containing

and nagnesi um and one or nore netals -32 selected fromthe G oup
8 nmetal s gfedhetpgern odinc dabheyt isupperttiedi bi -t he oxi de. The support of this

sel ectTeéte f comadl wai nume SsSiincohe zrespinumiborartionjt dowium and
Preferred exanples of the inorganic porous oxide include those
cont ai ni Nh WL olIr e 101 & el £ffeahS nsel eotreds & yemaad LT Hug Shhi/ean, a

boron, titanium and magnesiumw th the objective of further

cd@@fsb%iezraﬁi@f\i@%a@ﬁﬁgl{H@irze_aéi@m,a@binvdatiﬁg atMeg spr efgy red
ude those containing alum num and other elenents (conplex

i nc

I@éymln%m%.ﬂggé%@wtb% Q4 9 reTheN e 18 Be1RArtLgukaisn

restriction on the

the Groups 6A and 8 metals of the periodic table.
Examples of these metals include Co-Mo, Ni-Mo, Ni-Co-MO,
and Ni-W. Preferred examples include Ni-Mo, Ni-Co-MO,
and Ni-W. Similarly to the hydropretreating catalyst,
these metals are converted to be in the form of sulfides
before being used.

Employed for the support of the hydrotreating
catalyst are inorganic oxides with acidic properties.
Specific examples of the support include porous
inorganic oxides containing at least one or more
element and preferably two or more elements selected
from aluminum, silicon, zirconium, boron, titanium,
and magnesium. Particularly preferred examples
include inorganic oxides containing aluminum and
another element (complex oxides of aluminum oxide and
another oxide).

Examples of the porous inorganic oxide include
silica, alumina, boria, zirconia, titania, magnesia,

and zeolite. Preferred examples of the complex oxide
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of introducing support-constituting elenments such as silicon, zirconium
boron, titanium and magnesium into the support. Therefore, a solution
containing these elenents nay be used as the raw material. For silicon,
silicic acid, sodiumsilicate, and silica sol nay be used. For boron, boric
acid may be used. For phosphorus, phosphoric acid and al kali nmetal salts
thereof nmay be used. For titanium titaniumsulfate, titanium

tetrachl oride, and various al koxide salts may be used. For zirconium
zirconiumsul fate and various al koxide salts may be used. -33 The raw

mat eri al sCOP tEHEsENFuFPHR t© EoASti? UKL AG S DhpbAETS 9KAEE T hhACAUHE num ar e
preferably added at any stage prior to calcination of the support. For
exanpl e, %hé icav aatevimd s fEt deladdedimonan abamiirum 1 agdeous sol ution
which is then forned into an alum num oxide gel containing these support
const it utz hgcoooihporéntrsiner, nayt be isddedrto ral preparednal, um num oxi de gel .
Alternatively, the raw naterials my be added at a step of kneading a

m xt ure of iwdtes-106 rdn agl dmdquepus i 1siot atizdr @nd ia -cohurricial |y avail abl e
atum num oxi de internediate or boehmte powlder. Preferably, these support

cOnstitutsng icPONeRtrsi arg 1cami @hnecirida an al um num oxi de gel during the
process of preparation thereof. Al though the nechani sm exhibiting

advant agegys jeffects aff ained hynaddifioniafy 1 hessreSYRPOEE rGaNgtituting
conponents ot her than al um num oxide has not been elucidated, it is assuned

thatthesgxamples include silica-alumina, boria-alumina,
zirconia-alumina, titania-zirconia-alumina,
silica-boria-alumina, silica-zirconia-alumina, and
silica~-titania-alumina. More preferred examples
include silica-alumina and silica-zirconia-alumina.
Preferably, these complex oxides contain zeolite. 1In
the case where alumina is contained, alumina can be
contained in any percentage to other components on the
basis of the support. However, the content of alumina
is preferably 96 percent by mass or less and more
preferably 90 percent by mass or less of the support
mass. If the content is more than 96 percent by mass,
the catalyst would fail to exert a desired
. hydrotreating activity because sufficient acidic
properties are not attained.
Examples of components other than silica, forming
the crystalline structure of zeolite used for the
hydrotreating catalyst include alumina, titania, boria,

and gallium. Preferred zeolites include those
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conponents forma conpl ex oxide state together with alumnum It is thus
presuned that this increase the surface area of the support and cause sone
interaction wth the active netals, thereby giving influences to the
activity of the catal yst. The above-descri bed porous inorganic oxide
supports one or nore netals selected fromthe Goup B netals of the
periodic table. Anong these netals, -34 preferred are one or nore netals
selected fromPd, Pt, Rh, Ir, Au, and Ni. Mre preferably, these netals are
used in conbination. Preferred conbinations are Pd-Pt, Pd-Tr, Pd-Rh, Pd-Au,
Pd-N, PtcRAtapinIng pilAga pndiel uRhndr, 1RE--Au2 IRHDNRC “FriALCate N |

Au-Ni, Pd-Pt-Rh, Pd-Pt-Tr, and Pt-Pd-N . Anong these conbinations, nore
preferredlheegcPdi®re R, rRipNN fePd-ManyPtt-Rhes P& TreoRHi-tR, Pd- Pt - Rh,
Pd-Pt-Ni, and Pd-Pt-Ir. Further nore preferred are Pd-Pt, Pd-N, Pt-N,
Pd-Tr, PRte¥stddlPheNstandtRde®) - IsucThese et dbs iare, ubed-a af t er bei ng
reduced upon hydrorefining. Exanples of the other preferred catalyst used in
the presentrideent eon dgl peerthose eaghesQnpriirsi PHea psaPpat containing a
crystalline nolecular sieve and one or nore netals selected fromthe G oups

6A and B i Aetasi 8h,t heo per iad £ taRle, a HPRQY G 6sQ1 & hepsURPOr hnd )
Preferably, the nolecular sieve contains at least silicon so as to provide

the catal ysh ol 4 sulfded et o et odegxi G zat bon @ndydral semetizat i on
activities. Preferabl'y, in addition to silicon, the support
a sufficient hydrotreating activity. Particularly
preferred are faujasite and beta types. These zeolites

may be adjusted in alumina content correspondingly to
the stoichiometric ratio of the raw materials upon
initiation of the synthesis of the zeolites or may be
subjected to a hydrothermal treatment and/or an acid
treatment. Among these zeoclites, most preferred are
ultra-stable Y type zeolites ultra-stabilized by a
hydrothermal treatment and/or an acid treatment. It
is assumed that the ultra-stable Y type zeolites 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, which pores provide
s reaction sites excellent for converting the oxygen
components contained in fat components. The volume of
the porewith a pore diameter in this range is preferably
from 0.03 ml/g or larger and more preferably from 0.04
ml/g or larger. The pore volume used herein is

generally determined by mercury intrusion method. The

-31-



contains constituting el enents such as alum num zirconium boron,
titanium gallium zinc, and phosphorus. Mre preferably, the support
contains alumnum zirconium boron, titanium and phosphorus. The
catal yst containing these elenents can facilitate -35 hydrodeoxidi zati on

reacti on and skeletal isomerization reaction of hydrocarbons sinultaneously
and achieve the inproved | ow tenperature startability of the resulting
produced oil. Wth regard to the elenents constituting the aforesaid

nol ecul ar sieve, other than oxygen, the ratio of {the nunber of silicon

at o / { t ey dureier € ofnadt obrr 6fa tred eiremitasy obherc ahahesh |dwbnhinde pr &éfher ably 3
or nore, preferably 10 or nore, and nore preferably 30 or nore. |If the
ratio i s kessirt ham @i t deconposT heanodfa paraffo o £ issi htcel epat édmipossi bl y

| eading to a reduction in activity due to coking. The pore dianmeter of the
crystallidefrinled arthsieNesiisc H1 & Avperr shakl erf, tardunores peefeyadl y 0. 65
nmor smaller. If the dianeter is greater than 0.8 nm deconposition of

paraffin yay Qecuis pheresiapnq PAbK QU afor sty chber @& he renysyal
structure of the «crystalline nolecular sieve. Exanples of the crystal

Sfructuref&'aﬁ uae FAUp oAEL, n M o MY - TEN- MIVY, EBRA, o and Mg deftped by

International Zeolite socl ati on. ere is no particular restriction on the

met hod OEh%y%é‘fﬁirZir”agt{Qe id y(%:trélaltiene E‘g'aencui 3b,SEYE- 6%, BE0gR! Y
known, thé ‘nolecular "sieve may be produce
catalyst is reduced in acidic properties and thus would
fail to exert a sufficient hydrotreating activity. If
the molar ratio is less than 10, the resulting catalyst
would be too strong in acidic properties and thus
encounter a rapid reduction in activity due to
accelerated formation of coke. The content of the
zeolite is preferably from 2 to 80 percent by mass and
more preferably from 4 to 75 percent by mass, of the
support mass. If the content is less than the lower
limit, the resulting catalyst would fail to exert a
sufficient hydrogenation activity. If the content is
more than the upper 1imit, the resulting catalyst would
be too strong in acidic properties and thus accelerate
; coke formation.

Examples of another preferred catalyst used in the
present invention include catalysts comprising a
porous inorganic oxide containing two or more elements
selected from aluminum, silicon, zirconium, boron,

titanium, and magnesium, and one or more metals
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by hydrothermal crystallization nethod using raw nmaterials of constituting
conponents and an am ne -36 conpound as a structural indicator. Exanples of
the raw materials include sodiumsilicate, colloidal silica, and al koxi de
silicate for a silicon-containing conpound, and al um num oxi de and sodi um
alum nate for alum num Exanples of the structural indicator include
tetrapropyl ammoniumsalt. |If necessary, the crystalline nol ecular sieve may
be subjected to hydrothernmal treatnent by steam inmersion treatnent by an
al kali or acid aqueous solution, ion-exchange, surface treatnent by basic
or aci dsgdse steld &3 ogaseoc chlipr B neecak Jaamohita e gd ©@ne oari c itrisdahi nati on
so as to adjust its physical properties. A constituent other than the

mol ecul as gdeyeref ohhercatakyste is an inorgani c oxi de containing alunm num
silicon, zirconium boron, titanium and magnesium The inorgani c oxide
preferably contaidi Hg,bwWa Or o B0, 1 sekeated, Erom ) ugienum ,sirld eon, ,
zirconium boron, titanium and nmagnesi um %ecause they can be used as a
bond for :form .1 o al Li. l.ar. si t tive
component st oy s B rad R qatk A ia B ad by P ars o Saf ron. The

cont ent %felthg rmlegfu(ID%r il?ﬁ{e in the, oloe catalllystn.is prgfoerably from?2
B)? 55° "ot ﬂ)Péanb’ra%Il 15O 5 40" 85 6eu|ﬂb’en Efrh’ass, and

to 90 percen
more preferably from 10 to 80 percent by mass. | feéabl;elp-lseé of the

nium, and magnesium. Pre
inorganic porous oxide include those containing two or
more elements selected from aluminum, silicon,
zirconium, boron, titanium, and magnesium with the
objective of further improving deoxidization and
desulfurization activities . More preferred examples
include those containing aluminum and other elements
(complex oxides of aluminum oxide and another oxide).

There is no particular restriction on the method

of introducing support-constituting elements such as
silicon, zirconium, boron, titanium and magnesium,
into the support. Therefore, a solution containing

these elements may be used as the raw material. For

silicon, silicic acid, sodium silicate, and silica sol
s may be used. For boron, boric acid may be used. For
phosphorus, phosphoric acid and alkali metal salts
thereof may be used. For titanium, titanium sulfate,
titanium tetrachloride, and various alkoxide salts may
be used. For zirconium, zirconium sulfate and various

alkoxide salts may be used.

~-33-



content is less than 2 percent by nmass, the resulting catalyst is not
sufficient in hydrodeoxidization and hydroi sonerization activities. If the
content is nore than 90 percent by nass, the catal yst can not be forned
easily, possibly leading to the occurrence of some troubles in industrial
production. There is no particular restriction on the nethod of introducing
the constituents other than the crystalline nolecular sieve, such as
silicon, zirconium boron, titanium and magnesi um except for al um num
into the support of the catalyst. Therefore, a solution containing these

el enents may b&hgsethasmilier rawsmatfertiak s eFerugpbircom;osskiidiwt asiod, sodi um
silicate, and silica sol nmay be used. For boron, boric acid nmay be used.

For phosphaipisnephosphotiée atiath andimahkal b metale Sakbd ther@dedray be used.
For titanium titaniumsulfate, titaniumtetrachl oride, and vari ous

al koxi de a3} t st AR hertsed.t FOEazid LRAIUMN ZbECAH aINsupHd At € amd vari ous
al koxi de salts may be used. The raw materials of the support constituting

el enent s o .Qihet ot ham &l un, AL @4 0e) ar gaRr eferalhyq addgd at anynat@ge prior
t-o cal cination of the support. For exanple, the raw materials may be added

o an a'a‘bgié‘b'{l‘sag‘éﬁ%‘tﬁi SQI Whi;on, Whi C%*nlaﬁ ERe L 9T MRY o 010,80 m £ U NUM
oxi de gel tontaining these support - constituting conponents, or nay be
ddded to a pL epar g I nLnunlox%q$ el . AIternativeI¥ﬁjap€i%am1naterials

oy be addeil ol OF stehrSr Mhehd g etk e ShE e Br 5
components, or may be added to a prepared aluminum oxide
gel. Alternatively, the raw materials may be added at
a step of kneading a mixture of water or an acid aqueous
solution and a commercially available aluminum oxide
intermediate or boehmite powder. Preferably, these
support constituting components are contained in an
aluminum oxide gel during the process of preparation
thereof. Although the mechanism exhibiting
advantageous effects attained by addition of these
support constituting components other than aluminum
oxide has not been elucidated, it is assumed that these
components form a complex oxide state together with
aluminum. It is thus presumed that this increase the

o surface area of the support and cause some interaction
with the active metals, thereby giving influences to
the activity of the catalyst.

The above-described porous inorganic oxide
supports one or more metals selected from the Group 8

metals of the periodic table. Among these metals,
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or an acid aqueous solution and a commercially avail abl e al um num oxi de

i nternedi ate or boehmte powder. Preferably, these support-constituting
conponents are contained in an al um num oxi de gel during the process of
preparation thereof. Al though the mechani sm exhibiting advantageous effects
attained by addition of these support constituting conponents other than
al um num oxi de has not been elucidated, it 1is assuned that these conponents
forma conplex oxide state together with alumnum It is thus presuned that
this increase the surface area of the support and cause sone interaction
with the mceifes metakse ther ehy mp venge tienf$ uentes ted theoacPidvi tAt of the
catal yst. The support containing the crystalline nolecular sieve supports
one or MR, netal auselacd adi f r omotrhe p £ dvp & het akd eafe tiet pérd edie tabl e.
Anmong these netals, preferred are one or nore netals selected from Pd, Pt,

Rh, Ir, AuseandnNcomMires pieher ald ye rehesed i@hBlis 2 Eoused rienpeeihi pat i on.
Preferred conbinations are Pd-Pt, Pd-Ir, Pd-Rh, Pd-Au, Pd-N, Pt - Rh,

Pt-1r, PtpAur Pt pN_rRN-B4.-aRN- é%!b—@ Nt - Rh- A -1# ; Nig - AU, Nb ¢ —Rd- Pt - Rh,
Pel- Pt-Ir and Pt-Pd-Ni | Anong - 39 t hese conbi nati ons, rmore preferred are

Pd-Pt, dR@' r Ptadlg fd- ﬂagmeNPt R, R 'rergr ,Aﬁdgf{NRBd-P@thhN', and

Pd- Pt-Ir urtHer nore pre rred are Pd-Tr, Pt-Ir,

P BB g TRE TR e )RR YRR et at e U e

more preferred are Pd-Pt, Pd-Ni, Pt-Ni, Pd-Ir, Pt-Rh,
Pt-Ir, Rh-Ir, Pd-Pt-Rh, Pd-Pt-Ni, and Pd-Pt-Tr.
Further more preferred are Pd-Pt, Pd-Ni, Pt-Ni, Pd-Ir,
Pt-Ir, Pd-Pt-Ni, and Pd-Pt-Ir. These metals are used
after being reduced upon hydrorefining.

Examples of the other preferred catalyst used in
the present invention include those each comprising a
support containing a crystalline molecular sieve and
one or more metals selected from the Groups 6A and 8
metals of the periodic table, supported on the support.

Preferably, the molecular sieve contains at least
silicon so as to provide the catalyst with sufficient
hydrodeoxidization and hydroisomerization activities.

s Preferably, in addition to silicon, the support

contains constituting elements such as aluminum,
zirconium, boron, titanium, gallium, zinc, and
phosphorus. More preferably, the support contains

aluminum, zirconium, boron, titanium, and phosphorus.

The catalyst containing these elements can facilitate
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to the reaction. There is no particular restriction on the reduction
conditions. The active netals are reduced by treating at a tenperature of
200 to 400C and preferably 240 to 380C under a hydrogen stream |If the
reduction tenperature is |lower than 200C, the active netals are not reduced
sufficiently, and thus the catalyst may not exert hydrodeoxidi zati on and
hydr oi soneri zation activities. |If the reduction tenperature is higher than
400C, aggloneration of the active netals proceeds, and thus simlarly the
catal yst nmay not exert hydrodeoxidization and hydroisonerization

activiti éydradele pdesentl dmvestiohi onh@ndt akedontedt of the active
nmetals in the catalyst is fromO0.1 to 2 percent by nmass, preferably from
0.2 to 1i% qreeceémta thiyonmss ac anon nof eh pdefoarabbyp nfs @rhnwstta@elQ@Sﬁ)efrcent by
mass, in terns of metal, on the basis of the catalyst nass. [If the total
content ias1d esshibar Ghd pepeentsdthewackimee r sittiese area pedicedi theadi ng to
a tendency that a -40 sufficient activity may not be attained. If the total
content o MPk e trr@aghzt@el@e@gomﬁd@@soﬁlhe netals are not dispersed
effectively, leading to a tendency that a sufficient activity may not be

attai ned. Ther g ;i npeBatd C%art HE&SLNicGld PO dhgt rlr%tJhOPngOft rsdippor ting
the active netals on any of the hydropretreating catalysts and

Tydr ot r eati 08 S AStS  THY! ShArFy A, BIVRAL 893 ! Moo 05 « s oduci ng

an usual url zation cataly

of {the number of silicon atom}/{the number of atom of
elements other than silicon} is preferably 3 or more,
preferably 10 or more, and more preferably 30 or more.
If the ratio is less than 3, decomposition of paraffin
is accelerated, possibly leading to a reduction in
activity due to coking.

The pore diameter of the crystalline molecular
sieve is 0.8 nm or smaller, and more preferably 0.65
nm or smaller,. If the diameter is greater than 0.8 nm,
decomposition of paraffin may occur. There is no
particular restriction on the crystal structure of the

crystalline molecular sieve. Examples of the crystal

structure include FAU, AEL, MFI, MMW, TON, MTW, *BEA,
’ and MOR defined by Internatioconal Zeolite Association.
There 1s no particular restriction on the method
of synthesizing the crystalline molecular sieve. As
generally known, the molecular sieve may be produced

by hydrothermal crystallization method using raw

materials of constituting components and an amine
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enpl oyed. A nethod is preferably enployed in which a support is inpregnated
with a solution containing salts of the active netals. Alternatively, an
equi librium adsorption nmethod, pore-filling nethod, or incipient-wetness
nmethod is al so preferably used. For exanple, the pore-filling nmethod is a
method in which the pore volume of a support is neasured in advance, and
then the support is inpregnated with the sanme volune of a netal salt
solution. There is no particular restriction on the nmethod of inpregnating
the support wth a solution. Therefore, any suitable nmethod may be used
dependi ngampbhe dmsint oft # hetoetAl siha iles t supporetnpnd sphysi cale
properties of the support. Furthernore, the present invention can al so

produce a gasmaitle £0APESIitn ONURREtE BEitlhe PiedeiLrs nedl ppeperlties by
m xing the above-described environment -41 friendly base gas oil with a

hydror ef igied; gl, BHRAUA8L x by el 8filni Mgrerpde gidi 1Bl esndfaiheng
hydr or ef i ned oi I produced by refining crude oil include hydroreflned gas

or 18 andcdudpadesuldugl 2ed0azun bs RIOMGE0 B SUAr o1 el Dge Fhhal ot gas

oi | obtalned roman atnospheric |st| | at 1 on unlt for crude oil, vacuum

gas oil ogg% q“byl# g%zglnneq strfaltgl,p 3av&/cg |Jrﬁ%|ldc to?bt ai ned from

an at nospheri STI uni cuum i S atl on anit, and

catal ytic-cr ed or,_ hydrotr ated 0|I produced by catal yti c- cracklng or
i of 1 ed g SO BT AR GHS. GO LB Fati 208 Tue

If necessary, the crystalline molecular sieve may
be subjected to hydrothermal treatment by steam,
immersion treatment by an alkali or acid aqueous
solution, ion-exchange, surface treatment by basic or
acid gas such as gaseous chlorine or ammonia, alone or
in combination so as to adjust its physical properties.

A constituent other than the molecular sieve, of
the catalyst is an inorganic oxide containing aluminum,
silicon, zirconium, boron, titanium, and magnesium.
The inorganic oxide preferably containing two or more
selected from aluminum, silicon, zirconium, boron,
titanium, and magnesium because they can be used as a
bond for forming the crystalline molecular sieve and

: can act as active components for facilitating
hydrodeoxidization and hydroisomerization. The
content of the molecular sieve in the whole catalyst
is preferably from 2 to 90 percent by mass, more
preferably from 5 to 85 percent by mass, and more

preferably from 10 to 80 percent by mass. If the
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oil. These hydrorefined oils may contain a plurality of base gas oil
fractions and base kerosene fractions to an extent that the predeterm ned
conditions are satisfied. Alternatively, there may be used synthesi zed gas
oi | s synthesi zed using natural gas, asphalt, coal, and bi omass as raw
materials. Hydrorefining for producing the hydrorefined oil may be carried
out using a common hydrodesul furization wunit in petroleumrefinery.
Generally, a gas oil fraction is hydrorefined under the conditions of a
reaction tenperature of 300 to 380C, a hydrogen pressure of 3 to 8 MPa, an
LHSV of @ ten2 H-sl,land th2ra hyueogem il yratises oft 160res BDO1ING L. The
catal yst used for hydrorefining my be any of the conventi onal

hydr odesw &t L zatd ans cabal ywsisf i cRreafer ahl yhy dhedaets: v@i aettal sn o0& niche

catal yst are the Goups 6A and B netals of the periodic table. Exanples of

these netaldrbAclditer CoaM o Ni g Mi vGor W sand 1N tWe cBter sHRPOEtmBRY be an
porous inorgani c oxide containing alumna as the main conponent. These

condi ti ons, 2ady g the reall 5§ naégsn%hraaarc Itcyigrsldcra%wd@tk?@ #Srhery as the
properties of the feedstock are satisfied ernatively, the hydrorefined

ey B dbese Rt adused, by hukgenat 0ot s Abpyedascr kbedy feedst ock

in the presenc enation cataly ion'1sS generally

carried chgobjggeers tlhre1 16onc d| |onsl produecagg'_l on tenperature of 170 to 320C,

There is no particular restriction on the method
of introducing the constituents other than the
crystalline molecular sieve, such as silicon,
zirconium, boron, titanium, and magnesium, except for
aluminum, into the support of the catalyst. Therefore,
a solution containing these elements may be used as the
raw material. For silicon, silicic acid, sodium
silicate, and silica sol may be used. For boron, boric
acid may be used. For phosphorus, phosphoric acid and
alkali metal salts thereof may be used. For titanium,
titanium sulfate, titanium tefrachloride, and various
alkoxide salts may be used. For zirconium, zirconium
sulfate and various alkoxide salts may be used.

* The raw materials of the support constituting
elements, other than aluminum oxide are preferably
added at any stage prior to calcination of the support.
For example, the raw materials may be added to an
aluminum aqueous solution which is then formed into an

aluminum oxide gel containing these support
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a hydrogen pressure of 2 to 10 MPa, an LHSV of 0.1 to 2 h-1, and a
hydrogen/oil ratio of 100 to 800 NL/L, preferably a reaction tenperature of
175 to 300C, a hydrogen pressure of 2.5 to 8 MPa, an LHSV of 0.2 to 1.5
h-1, and a hydrogen/oil ratio of 150 to 600 NL/I, and nore preferably a
reaction tenperature of 190 to 280C, a hydrogen pressure of 3 to 7 MPa, an
LHSV of 0.3 to 1.2 h-1, and a hydrogen/oil ratio of 150 to 500 NL/L.

Al owerreactiontenperature i s advantageous for hydrogenation but is not
preferable for -43 desul furization. Lower the hydrogen pressure and

hydr ogenkteirls ¥ atiud, 1 mprecdesul ¢t szaviromaand e lydd egenat irop rarea aecel er at ed.
However, their econom cal optimmpoints exist. Alower LHSV is

advant agedusnfount bex redacyedn. Howesena tal ted yl,ow HddVa wi madiesatly dist ageous
because an enornous plant investnment for construction of a reactor with a

| arge velaume ésate@d red. a The dyds or rhieridign gnit nfiort hiydr erfefi ot 8g t he
feedstock used in the present invention may be of any structure, and a

singl e o phugalid yagheroaﬁgt QS U 91 oROTHH Aaki Qb hiAY rRe 418¢¢. Hydrogen may
be additionally introduced into the spaces between a plurality of

oot oS e e AL ML Y, SRS D BRI e
df the hydrogglini ng UpLt i o Preferabl v, 3 Jd xpd Bsds sy$igm ngydrogen may be
components are contained in an aluminum oxide gel
during the process of preparation thereof. Although
the mechanismexhibiting advantageous effects attained
by addition of these support constituting components
other than aluminum oxide has not been elucidated, it
is assumed that these components form a complex oxide
state together with aluminum. It is thus presumed that
this increase the surface area of the support and cause
some interaction with the active metals, thereby giving
influences to the activity of the catalyst.
The support containing the crystalline molecular
sieve supports one or more metals selected from the
Group 8 metals of the periodic table. Among these
3 metals, preferred.are one or more metals selected from
Pd, Pt, Rh, Ir, Au, and Ni. More preferably, these
metals are used in combination. Preferred
combinations are Pd-Pt, Pd-Ir, Pd-Rh, Pd-Au, Pd-Ni,
Pt-Rh, Pt-Ir, Pt-Au, Pt-Ni, Rh-Ir, Rh-Au, Rh-Ni, Ir-Au,

ITr-Ni, Au-Ni, Pd-Pt-Rh, Pd-Pt-Ir, and Pt-Pd-Ni. Among
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supplied in counterflow or parallel flowwth respect to the feedstock.
When the hydrorefining unit has a plurality of reactors, counterflow and
parallel flow may be conbi ned. The supply node of the feedstock is
generally down flow and is preferably a gas-liquid occurrent flow node.
Hydr ogen gas may be supplied as quencher into a mddle portion of a reactor
for the -44 purposes of renoving the reaction heat or increasing the
hydrogen partial pressure. The catal yst used for hydrorefining conprises a
hydr ogenati on active netal supported on a porous support. The porous
support mae e anmmiat gation OXidere Exaspees i the iprpani edaxide i ncl ude
alumna, titania, zirconia, boria, silica, and zeolite. In the present
i nventi omt e, spigpant, ipx pref epablty cwposed pak rd uRhnapand @ty east one
selected fromtitania, zirconia, boria, silica, and zeolite. There is no
particul amd estrp€Liren onrd henest fed Of Rroducingathep gsuppordy - Nheref ore,
there may be enpl oyed any nethod wusing raw naterials in the formof sols or
salt compeunds, each: conialning 3y of e eLamenis.pplternatively,  the
support may be’prepared by form ng a conplex oxide or hydroxide such as
silica alumna, _sidi irconia, _alumna titani a iLli.ca titani and
al um na bori a gﬁ(?g?%glﬁzlé’ddi ﬁéeata%tnﬂ’/vset énpe%f’lgr% ndaoﬁﬁat e 0&2‘% of " &l uni na
gel, a hydr.ox a suitablg olution, Alum pa.can bpe contajned in any
h

ide, or
per cent agé td! 8Cter? Bxi BES W T h8e iRt sTHE (HRtpoVous SBppdMP L t6ever, the

content of . . . . .
to the reaction. There is no particular restriction
on the reduction conditions. The active metals are

reduced by treating at a temperature of 200 to 400°C
and preferably 240 to 380°C under a hydrogen stream.
If the reduction temperature is lower than 200°C, the
active metals are not reduced sufficiently, and thus
the catalyst may not exert hydrodeoxidization and
hydroisomerization activities. If the reduction
temperature is higher than 400°C, agglomeration of the
active metals proceeds, and thus similarly the catalyst
may not exert hydrodeoxidization and
hydroisomerization activities.
In the present invention, the total content of the
) active metals in the catalyst is from 0.1 to 2 percent
by mass, preferably from 0.2 to 1.5 percent by mass,
and more preferably from 0.5 to 1.3 percent by mass,
in terms of metal, on the basis of the catalyst mass.
If the total content is less than 0.1 percent, the active

sites are reduced, leading to a tendency that a
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alumna is preferably 90 percent by nmass or less, nore preferably 60
percent by mass or |ess, and nore preferably 40 percent by mass or |ess, of
the support mass. -45 Zeolite is a crystalline alumno silicate. Exanples
of the crystalline structure include faujasite, pentasil, and nordenite.
These zeolites may be those ultra-stabilized by a specific hydrothernal
treatnent and/or acid treatnent 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 Y typesard ipreéertablor 1wl tiyamstyabidt Zes.a The imdad a- sTdbthiezeéd tzeblite
have a mcro porous structure peculiar thereto, so-called mcro pores of

20 A or sgehltesnantsahse enew ynforpedcpor asyimakhe rangeneot a2G taord 00 A
The hydrothermal treatnment nmay be carried out under known conditions. The

active mehak ofi dhercatalystcusad,; d 0y, hyedrof ghi NG iterdcheasttrone net al
selected fromthe Goup 8 netals of the periodic table, preferably at

|east one, et r sekiected, LR Ry Ry |50 cPhe a9d Blincgnd mre preferably

Pd and/ or These netal s may d 1n conbi nation such as Pt-Pd, Pt-Rh,

Pr-Ru, I1-Pd,  LpeB g Ry, DB RN, PR R CLisPds R and o iy s B0 Ru.
The netal sources of these netals nay be i'norganic salts or conplex salt

co_npoundsO ugppgg%%jjggegh%pqygggbgp%%é a_%fdénTg?Q?eé?OQJﬂg supporting the

hydropretreating catalysts and hydrotreating
catalysts. Therefore, any conventional method for
producing an 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 1in 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

y with a solution. Therefore, any suitable method may

be used depending on the amount of the metals to be

supported and physical properties of the support.
Furthermore, the present invention can also

produce a gas 0il composition meeting the predetermined

properties by mixing the above-described environment
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metal may be any of nethods such as inmmersion and ion -46 exchange which are
used for a hydrogenation catalyst. Wen a plurality of netals are
supported, they nmay be supported using a m xed solution thereof at the sane
time. Alternatively, a plurality of metals nay be supported using solutions
each containing any of the netals one after another. These netal solutions
may be aqueous sol utions or those produced using an organic solvent. The
netal (s) nmay be supported on the porous support after conpletion of all the
steps for preparing the porous_support. Alternatively, the netal (s) nmay be
supportedf6ﬁ§¢%l§opéﬁﬁ:ﬁﬁﬁxﬁ%li%lﬁﬁbafBMﬁ%ﬁrﬁf%ﬂﬁ%a%Fé BXiOd81 € 88npl ex
oxide or zeolite produced at the internediate stage of the preparation of

t he porouBY SUppbRLTEhdCER&® nay lproceed to gel -preparation or be subjected
to heat-concentration and kneading. There is no particular restriction on
the amount of Ehemgctése ofetlahés) tadr be edippodt ed. 1 HoweverGethéy amount s
from0.1 to 10 percent by nass, preferably fromO0.15 to 5 percent by nass,
and nore prdfietabby dfmode 0.12 tin31pereenty dby mas s nend tdwes badilss ointlhe

cdtal yst mmss. The catalyst is preferably used after it is subjected to a
pre-reduchiveir ¢ de_UMENE ruRES @ Bydrogerno rsbiessd b47 hiydgenerralnihe active

metal (s) are subjected to

. straight gas o0il obtained from an atmospheric
distillation unit for crude o0il, vacuum gas oil
produced by treating straight heavy o0il or residue
obtained from an atmospheric distillation unit, in a
vacuum distillation unit, and catalytic-cracked or
hydrotreated o0il produced by catalytic-cracking or
hydrotreating vacuum heavy gas 0il or desulfurized fuel
oil.

These hydrorefined oils may contain a plurality
of base gas 0il fractions and base kerosene fractions
to an extent that the predetermined conditions are
satisfied. Alternatively, there may be used
synthesized gas oils synthesized using natural gas,
asphalt, coal, and biomass as raw materials.

: Hydrorefining for producing the hydrorefined oil
may be carried out using a common hydrodesulfurization
unit in petroleum refinery. Generally, a gas oil
fraction is hydrorefined under the conditions of a

reaction temperature of 300 to 380°C, a hydrogen

pressure of 3 to 8 MPa, an LHSV of 0.3 to 2 h™', and
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heat at 200C or higher in accordance with the predeterm ned procedures,
circulating gas containing hydrogen and then reduced, thereby exerting
catalytic activity. Qther than hydrorefined gas oil fractions,

hydr orefi ned kerosene fractions may be used in the present invention. Such
kerosene fractions may be those produced by hydrorefining predeterm ned
feedst ocks. Mainly used as such feedstocks is straight kerosene produced by
vacuumdi stillation of crude oil. However, there may be used hydrotreated
ker osene co-produced with hydrotreated gas oil and hydrorefined kerosene
produced By MYEroaI¥al Pid thetaroresald0 Ke? oséife ¥F4ét-i ons. Alternatively,
there may be used synthesized kerosene synthesized fromnatural gas,
asphal t, coal, aWE iahasys T hydforehyRleP kef dsened fraFtPen2tged@tin the
present invention may be those produced by hydrotreating (desul furization
and refinitdy thevabbiendekchividerh d esddtiocks zeitl son ncteher pyesence of a
hydr ogenati on catal yst. The hydrogenation is generally carried out under

t he condi tHoascafalal y gachieor dehper ateurel 8f 0220 Heo SHOE] v sat hydeogar
pressure of 1 to 6 MPa, an LHSV of 0.1 to -48 10 h-1, and a hydrogen/oil

ratio of ré0p308aNkhl, 8 REefEraly & eastion iennes abur e mfa@bletn 340C,
a hydrogen pressure of 2 to 5 MPa, an LHSV of 1 to 10 h-1, and a
hydrogen/ it ¢Rbise ofe 301501200 Nsb! ¢ oML K€ -Mo, Co-W, and Ni-W.
The support may be an porous inorganic oxide containing
alumina as the main component. These conditions and
the catalyst are not particularly restricted as long
as the properties of the feedstock are satisfied.
Alternatively, the hydrorefined oil may be those
produced by hydrogenating the above-described
feedstock in the presence of a hydrogenation catalyst.
The hydrogenation 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
- 1.5 h™', and a hydrogen/oil ratio of 150 to 600 NL/1,
and more preferably a reaction temperature of 190 to
280°C, a hydrogen pressure of 3 to 7 MPa, an LHSV of
0.3 to 1.2 h™', and a hydrogen/oil ratio of 150 to 500
NL/L. A lower reaction temperature is advantageous for

hydrogenation but is not preferable for
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preferably a reaction tenperature of 270 to 330C, a hydrogen pressure of 2
to 4 MPa, an LHSV of 2 to 10 h-1, and a hydrogen/oil ratio of 50 to 200
NL/L. Alower reaction tenperature is advantageous for hydrogenati on but
is not preferable for desul furization. H gher the hydrogen pressure and
hydrogen/oil ratio, nore desul furization and hydrogenati on are accel erat ed.
However, their econom cal optinum points exist. A |lower LHSV is

advant ageous for the reaction. However, a too |ow LHSV is disadvantageous
because an enornous plant investnment for construction of a reactor with an
ext remel ydegrgel valimet Lo0r-eqiivedr THee hpdicote @ahi M QPP FraAgdr ot reat i ng
the feedstock used in the present invention may be of any structure, and a
si ngl e or hy df eigahi/tod bf regaict or slcine deenbl hatricr hagnbenused. Hydr ogen nay
be additionally introduced into the spaces between a plurality of

react or s. hiher dydnettreahi Bg ainat creEye betprdvi dedweivtdr , atgasi-11 qui d
separation systemor a hydrogen sulfide renpoval system The reaction system
of the hydiaifenticrd UBpt iinfum- #9 ipTeé eealllyr a fhxedbed system sHydrogen
may be supplied in counterflow or parallel flowwth respect to the

f eedst ock 4 \hen: b Jydros Feat knge WRidt; has agohldifakity of o reaston sy
counterflow and parallel flow nay be conbi ned. The supply node of the

o s I, APE AL Lo £ AU = g L FEohlo 2 gL ou o cocurrent
investment for construction of a reactor with a large
volume is required.

The hydrorefining unit for hydrorefining the
feedstock used in the present invention 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 hydrorefining unit may be provided with
a gas-liquid separation system or a hydrogen sulfide
removal system.

The reaction system of the hydrorefining unit is
preferably a fixed bed system. Hydrogen may be

supplied in counterflow or parallel flow with respect

4

: to the feedstock. When the hydrorefining 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
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guencher into a mddle portion of a reactor for the purposes of renoving
the reaction heat or increasing the hydrogen partial pressure. The catal yst
used for hydrotreating conprises a hydrogenation active nmetal supported on
a porous support. The porous support may be a porous inorganic oxide
conposed of mainly alum na. Exanples of the inorganic oxide include
alumna, titania, zirconia, boria, silica, and zeolite. In the present
invention, the support is preferably conposed of alumna and at | east one
selected fromtitania, zirconia, boria, silica, and zeolite. There is no
parti cul aPunrees eisctdiont enotvia gret hed wfa ptdduri hgathe subpeiteas Thdr ef or e,
there may be enpl oyed any nethod using raw naterials in the formof sols or
salt conpauredsh gdele gennpaini hglamyr of stilree el enments. Alternatively, the
support may be prepared by form ng a conplex oxide or hydroxide such as
silica al um na, Tsid icat 2l eanivs edSE cat Ui aa ditd ahhdngitond tidani a, and
alum na boria and then adding at any step alumna in the formof alum na

gel, a hydroxt dgen@it fogUitad] @eSaldit 4 On.s Y pPkR2 £adn ke wonbaisned in any
per centage to ot her oxides on the basis of the porous support. However, the

cont ent ofsuégwmtna i ORRS £6aR! ¥ 8Q PEF GRAL DY JSS, OF ghesiSe JIPI &e .
preferably percent by mass or |ess, and nore preferably 40 percent by

mess or '.%‘%éalmgﬁe%heof“%%”'nH‘E%%-niTE'e% Geodi tionsyand 1t fig; gatal yst are
not particularly restricted as I°’ong as the properties of

titania, zirconia, boria, silica, and zeolite. 1In the
present invention, the support is preferably composed
0of alumina and at least one selected from titania,
zirconia, boria, silica, and zeolite. There is no
particular restriction on the method of producing the
support. Therefore, there may be employed any method
using rawmaterials in the formof 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

T 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, and more
preferably 40 percent by mass or less, of the support

mass.
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the feedstock are satisfied. Zeolite is a crystalline alum na silicate.
Exanpl es of the crystalline structure include faujasite, pentasil, and
nordenite. These zeolites my be those ultra-stabilized by a specific
hydr ot hermal treatnent and/or acid treatnent or those whose al um 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 Y type are preferably wultra-stabilized. The ultra-stabilized
zeolite have a micro porous structure peculiar thereto, with so-called
mcro pores of 280A btesrw |@r cand tad $é ime @/lumrn@dspdﬂe%atﬁ -t he range of
20 to 100 A The hydrothermal treatnent may be carried out under known -51
condi ti ongxarhéeacte Vethmet at r pk ttshiel Cakalsfstuused ¢ of nlyyldrdereating i s at

| east one netal selected fromthe Goup 6A netals of the periodic table,
preferabl yaijakeast, opentaial 1selaacd e ofordoam My eand We $ke Bet Lie e gret al may
be a conbination of the Goup 6A netals and Goup 8 netals, specifically a
combi nati em pfodb tafo ¥ and £9-ar Milsueh asyCe- Mpe€a-tWc N -M, N -W

Co-Ni -M, and Co-Ni-W The netal sources of these netals may be inorganic

salts or %Wf@’éh%rﬁa@om?%‘é%e%' gh haye abeen tcanyeptianal | ye wsed. The
nmet hod of supporting the netal may be any of nethods such as inmersion and

ion eXCh%ﬂg§s$h§me% %1%%%%@8% ?shX85%gﬁﬂ§&'0n#¥g§é¥§%d zeolites

are those of faujasite and mordenite types, and
particularly preferred zeolites are those of Y and beta
types. The zeolites of Y type are preferably
ultra-stabilized. The ultra-stabilized zeolite have
a 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
hydrorefining is at least one metal selected from the
Group 8 metals of the periodic table, preferably at

least one metal selected from Ru, Rd, Ir, Pd, and Pt,

LY

and more preferably Pd and/or Pt. These metals may be

r used in combination such as Pt-Pd, Pt-Rh, Pt-Ru, Ir-Pd,

4

Ir-Rh, Ir-Ru, Pt-Pd-Rh, Pt-Rh-Ru, Ir-Pd-Rh, and

Ir-Rh-Ru. The metal sources of these metals may be
inorganic salts or complex salt compounds which have
been conventionally used. The method of supporting the

metal may be any of methods such as immersion and ion
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When a plurality of netals are supported, they may be supported using a

m xed solution thereof at the sanme tine. Alternatively, a plurality of
netals may be supported using solutions each containing any of the netals
one after another. These netal solutions may be aqueous sol utions 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. Alternatively, the netal (s) may be supported on the porous support
in the formof a suitable oxide, conplex oxide or zeolite produced at the
-52 interpEdit@rgst ufd CGf ahe peesarfaas on lbf ditlsed poprdusLn supperty hd t hen
may be subjected to gel-preparation or heat-concentration and kneadi ng.
There is tWbepard iclhar lrigsy r ¢ €t mert ahst Ae carmoump o rafe d het hetyi wea yretbal (s) to
be supported. However, the anount is fromO0.1 to 10 percent by nass,
preferabl yupfipom 8dlmdong pemcient dby otassioand ore off efer ahley famen 0.2 to
3 percent by nass on the basis of the catalyst mass. The catalyst is
preferablyinsed afleerdat svesdupj eat gd dpaaipre-6educdi #Dst heaf npst under a
hydrogen stream 1In general, the active nmetal (s) are subjected to heat at

200C or highgto}heaccar dagce oM ihibhe Piedeterin ned iprpcedyres @hecul ating
a gas containing hydrogen and then reduced, thereby exerting catalytic
. metals one after another. These metal solutions may
be agueous 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 porous support. Alternatively, the metal(s) may
be supported on the porous support in the form of a
suitable oxide, complex oxide or zeolite produced at
the intermediate stage of the preparation of the porous
support and then may proceed to gel-preparation or be
subjected to heat-concentration and kneading.

There is no particular restriction on the amount

of the active metal(s) to be supported. However, the

LY

amount is from 0.1 to 10 percent by mass, preferably
y from 0.15 to 5 percent by mass, and 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
subjected to a pre-reduction treatment under a hydrogen

stream.
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activity. In the present invention, the feedstock is hydrotreated using a
catal yst conprising at |least one or nore netals selected fromthe G oups 6A
and 8 netals of the periodic table, supported on a support containing a
crystalline nol ecular sieve. In this case, preferably the hydrotreating
conprises a first hydrogenation step wherein 70 percent by mass or nore of
t he oxygen content of the oil to be treated -53 (feedstock) is renoved and a
second hydrogenation step wherein 95 percent by mass or nore of the
remai ni ng oxygen content is renoved, and the ratio of .

i sopar af fi n/ n- paRa® Be 4l t hehFaraft i HecBRfonknEs PA S thHeP 1 8LtRAY BPl is
made 0.2 or nore. If the renoval rate of the oxygen content in the first
step is |esat than2P@® Per eenth byheessin hgdicsdeds ndiczat + bh dride

hydr oi soneri zati on reactions in the second hydrogenation step may not
proceed spikidEteatrhyndd phe dddstebydrogenatliagni sgegas tcéstpriefiengble to
use a catal yst conprising at |east one or nore active netals selected from
t he G oupsy@h @nen8anet alrse 0fr &be cepey i ke diapl©x e stidpog tedtan e por ous

i norgani c oxide conposed of two or nore el enments sel ected from al um num
silicon, ZirGop gy, boron, titanium and magnesium Preferred active netals
are one or nore netals selected fromPd, Pt, Rh, Ir, Au, NI, and Md. In the

sgeond hydrogengt Lofl SteRn % 6atBl i f1BY s Used whighioQipe] ses one or

nore netals selecte

hydrorefined kerosene fractions may be used in the
present invention. Such kerosene fractions may be
those produced by hydrorefining predetermined
feedstocks. Mainly used as such feedstocks is straight
kerosene produced by vacuum-distillation of crude oil.
However, there may be used hydrotreated kerosene
co-produced with hydrotreated gas 0il and hydrorefined
kerosene produced by hydrotreating the aforesaid
kerosene fractions. Alternatively, there may be used
synthesized kerosene synthesized from natural gas,
asphalt, coal, and biomass.

The hydrorefined kerosene fraction used in the

present invention may be those produced by

-

2 hydrotreating (desulfurization and refining) the
above-described feedstocks o0ils in the presence of a
hydrogenation catalyst.

The hydrogenation 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
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the Goup 8 netals of the periodic table, supported on a support containing
a crystalline nolecular sieve. One or nore types of catalysts nmay be used in
the second hydrogenation step. For the purposes of inproving the stability
of the refined oil, a catalyst having hydrogenation activity may be charged
in any of -54 the stages subsequent to the second hydrogenation step. The
gas oil conposition of the present invention conprises a base gas oil
produced by contacting an animal or vegetable fat and/or a conponent
originating therefromor a mxed oil of such a fat and/or such a conponent
and a petiﬁgl &un based prolEdo B /eF + hi At tpu@d o ¢, twi thO& Mydiler ef i ni ng
catal yst containing at |east one or nore netals selected fromthe group
consi st i ngreff &heb Gyowpsr SACANd B hetnglesr of utriee per 2odi ¢ o t ABOE Gndaan
inorgani c oxide with acidic properties wunder hydrogen pressure, the sulfur
and oxygenydanteatsprefs slheegas ditocbnpdsi,tizon IBESigo5 pphoby 0nksS, or | ess
and 1 percent by nmass or |ess, respectively. Alternatively, the gas oil

conposi ti gAdofa tHed reiRSeNt ii1Nvent i en ccoNpoi ses 20 hase /Jas @hk moed with a
hydrorefined oil fromcrude oil at a ratio of 30 to 50 percent by volune :

50_ to 70 perGentaBY Wl uPEs cttheyn basa Rt o baig produeed byzgonrt@ct jng an
animal or vegetabl é fat and/or a conponent originating therefrom or a

e, o ISR P RuEeR by el mgt, Tl g aveslatle e

a peU%ﬂeggB a hydrogen/oil ratio of 50 to 200 NL/L. A lower
reaction temperature is advantageous for hydrogenation
but is not preferable for desulfurization. Higher the
hydrogen pressure and hydrogen/oil ratio, more
desulfurization and hydrogenation are accelerated.
However, their economical optimum points exist. A
lower LHSV is advantageous for the reaction. However,
a too low LHSV is disadvantageous because an enormous
plant investment for construction of a reactor with an
extremely large volume is required.

The hydrotreating unit for hydrotreating the
feedstock used in the present invention 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 system or a hydrogen sulfide

removal system.

The reaction system of the hydrotreating unit is
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base oil with a sulfur content of 15 ppm by mass or |ess, produced by
refining crude oil, wth a catalyst conprising a porous inorganic oxide
containing two or -55 nore elenents selected fromalumnum silicon,
zirconium boron, titanium and magnesium and at |east one or nore netals
selected fromthe Goup 8 netals of the periodic table supported thereon,
under the conditions where the hydrogen pressure is from2 to 13 MPa, the
liquid hourly space velocity is from0.1to 3. 0 h the hydrogen/oil ratio
is from150 to 1500 NL/L, and the reaction tenperature is from 150 to 380C,
the gas BFF feonpbsivt itont hagichdd € He Shict T 8i-ng HidpepEirestad $0% di stil | ation
tenperature of 360C or lower; a total aromatic content of 15 percent by

vol unme cﬁup@iﬂea.tetamynmdeihﬁw45rqpaga&ﬂ@l;féamﬂﬁiwhconS@ﬁctﬁ 5 ppm
by mass or |ess; an oxygen content of 1 percent by nass or less; a
triglycertdetétont fatdaft dcR1l percemt thy rmagsrorrd @#sdngan@atid hrasrber of
0.13 ngKOH/ g or less; an increase in acid nunber after an oxidation

stabilityptesta of tQ. F nokeHEe 0f, | essintaddracsi nghe piant napht fFenew cont ent
of 10 percent by volune or nore. Further alternatively, the gas oi

conposi ti@a);ofbe tdem BR @S] 'T‘M%mshﬁbeQWRHdSé?Soﬁ pase r3asd 9itlo Ak t hsan
|§oparaff|n n-paraffin ratio of 0.2 or greater m xed
’ 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
the hydrogen partial pressure.

The catalyst used for hydrotreating comprises a
hydrogenation active metal supported on a porous
support. The porous support may be a porous inorganic
oxide composed of mainly alumina. Examples of the
inorganic oxide include alumina, titania, zirconia,
boria, silica, and zeolite. In the present invention,
the support is preferably composed of alumina and at
least one selected from titania, zirconia, boria,
silica, and zeolite. There is 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,
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-56 with a hydrorefined oil fromcrude oil at a ratio of 30 to 50 percent
by volune : 50 to 70 percent by volunme, the base gas oil being produced by
contacting an animl or vegetable fat and/or a conponent originating
therefromor a mxed oil of 10 to 90 percent by volune of an aninmal or
veget abl e fat and/or a conponent originating therefromand 90 to 10 percent
by volune of a petroleumbase oil with a sulfur content of 15 ppm by mass
or | ess, produced by refining crude oil, with a catalyst conprising a
support containing a crystalline nolecular sieve and one or nore netals
sel ect ed 4} omitrte tGrloaps a6A sandi 8ankt dlash bé , t A dperdivgdi 2 P ablie support ed

t hereon, under the conditions where the hydrogen pressure is from2 to 13
MPa, the thequi ddubiutyatspace swedpcalymisnd rom Ohé tfo 3 b hH-4] uthiena
hydrogen/oil ratio is from250 to 1500 NL/L, and the reaction tenperature

is from 1p81t 023806 rdHedeads oai la seaMpeBilki e havibg .t hea fohliow rRGn
properties: a 90% distillation tenperature of 360C or lower; a total

aromati ¢ wontentc $fnda Fier‘{faed‘% ;%r‘éQJ,ﬂfHETE Ol d &SShed %%P@@s' aeex o 45 or
grFeater; a sulfur content of ppm by nass or | ess; an oxygen content of 1

pércent by,mass of %}‘?ésgro ﬁ% %%%’r(ﬁf cggg,eg\;egf QrQl PSREERL: Ryr mass or

-57 | ess;  an aci'd nunb

alumina is preferably 90 percent by mass or less, more
preferably 60 percent by mass or less, and more
preferably 40 percent by mass or less, of the support
mass. These conditions and the catalyst are not
particularly restricted as long as the properties of
the feedstock are satisfied.

Zeolite is a crystalline alumino silicate.
Examples of the crystalline structure include
faujasite, pentasil, and mordenite. These zeolites
may be those ultra-stabilized by a specific
hydrothermal treatment and/or acid treatment or those
whose alumina content is adjusted. Preferred zeolites
are those of faujasite and mordenite types, and
particularlypreferredzeolites 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, with
so-called micro pores of 20 A or smaller and alsoc newly
formed pores in the range of 20 to 100 A. The

hydrothermal treatment may be carried out under known
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an increase in acid nunber after an oxidation stability test of 0.12
ngKOH/ g or less; a cold filter plugging point (CFPP) of -5C or lower; a
pour point (PP) of -10C or lower; and a isoparaffin/n-paraffin ratio in the
paraffin contained in the conposition of 0.80 or greater. The aforesaid
gas oils of the present invention are those satisfying the JIS No. 2 gas oi
standard or those having a 10% distillation tenperature of 140C or higher
and 190C or lower as distillation characteristics and satisfying the JIS
No. 3 gas oil standard. The JIS No. 2 gas oil standard is a standard

sati sfyi ngotltel t quisr.enments for "Type No. 2" defined in JIS K 2204 "Gas
oil", specifically a flash point of 50C or higher, a 90%distillation
tenperature of BheCawtikveweistalpauf phentcofaly.HC oseldovesr a cold filter
pl uggi ng point (CFPP) of -5C or |ower, a carbon residue of the 10%

distillathgrirestdua i0ig0id Ber adsbyoReSme 041l €89, @t 66t & nehey of 45
or greater, and a kinematic viscosity at 30C of 2.5 m®/s or greater. The

gas oil gomnAsi fh0Resali sf g e dhs Ngs 2 +gas oi | psﬁt@g%g)lg |5§ti s

preferably used in accordance with "CGuidelines for Use o

described,in J S K 2%945%?9%&88%@#PPom(.*ﬁ"és%%u) _Thepll %z%giv%,gas ol |
standard is a standard ~satis yi'ng the requirenents Wor ?ype : defi ned
. metal may be a combination cf the Group 6A metals and
Group 8 metals, specifically a combination of Mo or W
and Co or 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
been conventionally used. The method of supporting the
metal may be any of methods such as immersion and ion
exchange which are used for a hydrogenation catalyst.
When a plurality of metals are supported, they may be
supported using a mixed solution thereof at the same
fime. Alternatively, a plurality of metals may be
supported using solutions each containing any of the
metals one after another. These metal solutions may
be aqueous 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

ocxide, complex oxide or zeolite produced at the
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in JIS K 2204 "Gas G I", specifically a flash point of 45C or higher, a 90%
distillation tenperature of 330C or |ower, a pour point of -20C or |ower, a
cold filter plugging point (CFPP) of -12C or |lower, a carbon residue of
the 10% distillation residue of 0.1 percent by nmass or |ess, a cetane index
of 45 or greater, and a kinematic viscosity at 30C of 2.0 nmmR/s or greater.
The gas oil conposition satisfying the JIS No. 3 gas oil standard is
preferably used in accordance with "CQuidelines for Use of Gas oil"
described in JIS K 2204-1996 Description (Kaisetsu). Wth regard to the
def i ni ti ohnok rrteed saltfeurs t gget enf , thize meépritd bhoof ahetpreegent ciivent i on
is used as a concept superior to the JIS Standard. The sul fur content of

t he gas oslhppamposathidonh @f mble Hy esebt) dawedt iten dsl Apcessarklty n ppm by
mass or |ess, preferably 4 ppmby nass or less, nore preferably 3 ppm by

nmass or | es8shd®f ecpnefet abhby i PPENRY KBssdiaigless, and nore preferably 1
ppm by mass or less with the objective of reducing poisonous substances -59

exhausted frompaneeagiine ANd, 4 PR NI NYr eXBaust; - POty RIPCESSi BAoIHSE €M
performances. The sulfur content used herein denotes the mass content of

oL COIPENEE TR S 201 L chgb s L 2 ar gL carwositor
product s- DeLerrm naLi an.9f oSyl L £ONeNe TG V98D, CONSPL o 1o 0B
from 0.15 to 5 percent by mass, and more preferably from
0.2 to 3 percent by mass on the basis of the catalyst
mass.

The catalyst is preferably used after it 1is
subjected to a pre~-reduction treatment under a hydrogen
stream.

In general, the active metal(s) are subjected to
heat at 200°C or higher in accordance with the
predetermined procedures, circulating a gas containing
hydrogen and then reduced, thereby exerting catalytic
activity.

In the present invention, the feedstock is
hydrotreated using a catalyst comprising at least one
or more metals selected from the Groups 6A and 8 metals
of the periodic table, supported on a support
containingacrystallinemolecular sieve. In this case,
preferably the hydrotreating comprises a first

hydrogenation step wherein 70 percent by mass or more

of the oxygen content of the o0il to be treated
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the present invention is necessarily 1 ppmby mass or |less, preferably 0.8
ppm by mass or |less, nore preferably 0.6 ppm by mass or |ess, nore
preferably 0.4 ppmby mass or |ess, and nore preferably 0.2 ppm by nass or
|l ess with the objective of inproving oxidation stability. The oxygen
content can be neasured wth a conventional elenental analysis device. For
exanpl e, the oxygen content is neasured by converting a sanple on platinum
carbon to CO or further to CO2 and nmeasuring the anount thereof using a
thermal conductivity detector. Wien the gas oil conposition of the present
i nvention (iscadgas k) tonpemiotich aadiafseagnchs VAP IRG.a 21 gass 6elP
standard, the flash point is necessarily 50C or higher. If the flash point
is |ower teer80@, 9% hpecurnposi biyormegas rot berfrandfedhas tamalliSiNg. 2 gas
oil for safety reasons. For the sane reasons, the flash -60 point is

pref er abl yw:5d4&ecar dvgben tanis mereng¥ etier ably tH8C o&a thioghetf. Wien the gas
oi | conposition of the present inventionis a gas oil conposition

satisfying séperdlsE No/nd OR8a0id1 standand ddeaklrash pohBbrsntBegessarily
45C or higher. If the flash point is Iomer t han 45C, the conposition can

not be handled asthes 44§ Nos 308 01h for mately reasens Fofothe sane

reasons, the flash point is preferably 49C or hlgher and nore preferably

53C or hi gher, % Jltfglﬁsgﬁgzgj% g%ecdeﬁi'@r? %?LS:sté‘es‘é%lp”elém%‘ér £d in

accor dance mnt € oi

than 70 percent by mass, hydrodeoxidization and
hydroisomerization reactions in the second
hydrogenation step may not proceed sufficiently.

In the first hydrogenation step, it is preferable
to use a catalyst comprising at least one or more active
metals selected from the Groups 6A and 8 metals of the
periodic table, supported on a porous inorganic oxide
composed of two or more elements selected fromaluminum,
silicon, zirconium, boron, titanium, and magnesium.
Preferred active metals are one or more metals selected
from Pd, Pt, Rh, Ir, Au, Ni, and Mo.

In the second hydrogenation step, a catalyst may
be used which comprises one or more metals selected from
the Group 8 metals of the periodic table, supported on
a support containing a crystalline molecular sieve.

One or more types of catalysts may be used in the
second hydrogenation step. For the purposes of
improving the stability of the refined 0il, a catalyst

having hydrogenation activity may be charged in any of
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products-Determ nation of flash point". The glyceride content of the gas oi
conpositions of the present invention is preferably 0.01 percent by nass
or less, nore preferably 0.008 percent by mass or |ess, and nore preferably
0. 005 percent by mass or less in view of adverse affects to parts. The

gl yceride content used herein denotes the value nmeasured in accordance
with EN14105. The cetane index of the gas oil conpositions of the present
invention is preferably 45 or greater. If the cetane index is |ower than
45, it is likely that the concentrations of PM al dehydes, and NOx woul d be
i ncreasedthFo? tERE SEMD FeETEIE ttqwéh@ets@m?emﬁdeydir@gqmr@tépébrsy&ezxs or
greater and nost preferably 51 or -61 greater. The cetane index used

herei n denot es tihe galsue icalcuhpted i hoacodr ddre e e sle 1'8. 4n cehdneo i ndex

cal cul ati on net hod using variabl es equation” prescribed in JIS K 2280

" Pet r ol eutomprraidsie S -aFueh seD@taedr moaat ipno ati cecd abg rwTbes c tdet@nen nunber
and cal cul ati on of cetane index". The cetane index defined by the JIS

st andar dsa h$ m@eneyadeg appldied £10 Lag /@il aCertdh &h BG te 1Cied 8na t erf%p
i mprover. However, in the present invention, "8.4 cetane index cul ation

mét hod UStHQr‘@fféﬁ' @S equatienyy 45 %@'é@@ht% a gas0id / £enkRIdH ng a
cet ane nunber inprover, and the value obtained thereby is also defined as

cetane 1pd&%onent and a petroleum base produced by refining

crude oil, with a hydrorefining catalyst containing at
least one or more metals selected from the group
consisting of the Groups 6A and 8 metéls of the periodic
table and an inorganic oxide with acidic properties
under hydrogen pressure, the sulfur and oxygen contents
of the gas 0il composition being 5 ppm by mass or less
and 1 percent by mass or less, respectively.
Alternatively, the gas o0il composition of the
present invention comprises a base gas oil mixed with
a hydrorefined o0il from crude o0il at a ratio of 30 to
50 percent by volume : 50 to 70 percent by volume, the
base 0il being produced by contacting an animal or
vegetable fat and/or a component originating therefrom
: or amixed oil 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 0il with a sulfur content of 15 ppm by mass or less,
produced by refining crude o0il, with a catalyst

comprising a porous inorganic oxide containing two or
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The cetane nunber of the gas oil conpositions of the present invention is
preferably 52 or greater, nore preferably 54 or greater, and nore
preferably 55 or greater. If the cetane nunber is |ower than 52, it is

|l i kely that the concentrations of PM al dehydes, and NOx woul d be
increased. Wth the objective of reducing black snoke in exhaust gas, the
cetane nunber is preferably 90 or |ower, nore preferably 88 or lower, and
nore preferably 85 or |ower. The gas oil conpositions of the present
invention can be increased in cetane nunber by adding thereto an adequate
anount - 6R0of @ kenhamnd nusbér dipdodergmi & lneciessary.s Thecoatane nunber
used herein denotes the cetane nunber neasured in accordance with "7.

Cet ane nunber drestmpebbad’n, presaniibhed, i andlBakn2280uhPehobeuineast
product s- Fuel s-Determ nati on of octane nunber, cetane nunber and

cal cul ati ®ne0b rcelcane madax's sWeacthel gasomi t heoapasipi @Mmet stihe ¢pf esent
invention is a gas oil conposition satisfying the JIS No. 2 gas oi

standard, tﬁaeéﬂ@@%a&i Aty 1p¢d ss Ppplarabhy t ne0e ka/, M8 98 ki ghes, nmore
preferably 760 kg/cnB8 or higher, "~ and nore preferably 770 kg/cnB or higher

wi'th the J i 0 I btaj pi t | gri fd | ue. ity is
preferabl?gggg' %¥§ﬁ3u€$§ﬁ%w§$? ﬁgsghﬁ%ggfg%§ﬁ$§u%%SHnggE§né$Q?%ﬁ%%, and

myr e prefﬁggbly 840, .kg/cnB, or_ lower _w th thﬁogﬁiect&%eipf re
i t

; Ne 1d hourl ace v Y om qi!g%hbx and
PM em ssions.’ en %ﬁ gas orl cdﬁp%gltlon e preseﬁi Invéntion is a

gas ol compogiilion Sl SI¥INY /i1 ratio is from 150 to 1500 NL/L,

and the reaction temperature is from 150 to 380°C, the
gas 0il composition having the following properties:
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 5 ppm by mass or less;
an oxygen content of 1 percent by mass or less;
a triglyceride content of 0.01 percent by mass or
less;
an acid number of 0.13 mgKOH/g or less;
an increase in acid number after an oxidation
: stability test of 0.12 mgKOH/g or less; and
a single ring naphthene content of 10 percent by
volume or more.
Further alternatively, the gas 0il composition of
the present invention comprises a base gas oil with an

isoparaffin/n-paraffin ratio of 0.2 or greater mixed
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the JIS No. 3 gas oil standard, the density at 15Cis preferably 740 kg/ n8
or higher, nore preferably 745 Kkg/cnB8 or higher, and nore preferably 750
kg/cnB or higher with the objective of maintaining the calorific value.
The density is preferably 850 kg/cnB or |lower, nore preferably 845 kg/cnB
or lower, and nore preferably 840 kg/cnB or lower with the objective of
reduci ng NOx and PM em ssions. The density used herein denotes the -63
density neasured in accordance with JIS K 2249 "Crude petrol eum and
petrol eum products-Deternination of density and petrol eum neasurenent

t abl es basethor &1y debaradhiteetdermpel af yoa (A5CHe Peklrobslay, r&hé ogaxst oi |
conposition of the present invention has such a lubricity performance that
the HFRROear SCaredicamet dry (WBlude isSPreber Qbbyg raldn privyovodmald er and
nore preferably 400 pmor smaller. If the HFRR wear scar dianeter (WBL. 4)
is largerthbana4®0prls oiinl ey ihgubabdackeésel eogitre eugppeadanitts B
distribution type injection punp encounters an increase in driving torque

and an i nsreaseydPapedy LAt eard) parta dohbeump whiilei hbe iengine is
driven, possibly |eading not only to degradations of the exhaust gas

properti eshand #henpakt bcwl&teed ngiiepr nemvalo pesterBnee buyoahgpto the
breakdown of the engine itself. Also in an electronlcally controlled fuel

i et i on, puap, 482t -An $beeld sl 0 1RATE £ 1RYS) 080GIc oFBR HERR ear scar

di anet er use erei

originating therefrom and 90 to 10 percent by volume
of a petroleum base 0il with a sulfur content of 15 ppm
by mass or less, produced by refining crude o0il, with
a catalyst comprising a support containing a
crystalline molecular sieve and one or more metals
selected from the Groups 6A and 8 metals of the periocdic
table supported thereon, under the conditions where the
hydrogen.pressure is from 2 to 13 MPa, the 1iquid hourly
space velocity is from 0.1 to 3.0 h™%, the hydrogen/oil
ratio is from 250 to 1500 NL/L, and the reaction
temperature is from 150 to 380°C, the gas oil
composition having the following properties:

a 90% distillation temperature of 360°C or lower;

by a total aromatic content of 15 percent by volume

or less;

a cetane index of 45 or greater;

a sulfur content of 5 ppm by mass or less;

an oxygen content of 1 percent by mass or less;y;

a triglyceride content of 0.01 percent by mass or
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denotes the val ue neasured in accordance with JPI-5S-50-98 "Gas oi
-Testing Method for Lubricity" prescribed in JPI Standard and Manual s
Testing Method for Petrol eum Products published by Japan Petrol eum |nst.
-64 There is no particular restriction on the aromatic content of the gas
oi |l conpositions of the present invention. However, the aromatic content is
preferably 20 percent by volune or less, nore preferably 15 percent by
volune or |less, and nore preferably 13 percent by volume or less with the
obj ective of enhancing the environnent |oad reducing effects and reducing
NOx and PM Thelasenatic content used herein denotes the vol une percentage
(volunme s) of the aromatic conmponent content neasured in accordance with
JPI - 5S-49- 97 " Ret r akawum Poaduct So f- Detes ningatd wNngofo Hydeesar bon Types- Hi gh
Performance Liquid Chronmatography” prescribed in JPI Standard and Manual s

Testing Method £r i Relr&h eemiRr odugis nPHbkirshedtby JapapxReid ©hewm I nst.
The single ring napht hene content of the gas oil conpositions of the

present invention,i$ ipf fe'f:%télty 48 opem:efatgf&yﬂye'w pEspre, nore
preferably 15 percent y volume or nore, and nofe preferably 20 percent by

vol une or nore yi y x e s i . The
single ring naﬁ%tﬁe%gwgg%%g%?lég%ﬁ %Hﬁp r ?g' €S|ng é@ T%E ng é - TOFMS, a
sanple is subjfg&ngto gas chromat ography to separate its

a pour point (PP) of -10°C or lower; and

a isoparaffin/n-paraffin ratio in the paraffin

contained in the composition of 0.80 or greater.

The aforesaid gas oils of the present invention
are those satisfying the JIS No. 2 gas o0il standard or
those having a 10% distillation temperature of 140°C
or higher and 190°C or lower as distillation
characteristics and satisfying the JIS No. 3 gas oil
standard.

The JIS No. 2 gas o0il standard is a standard
satisfying the requirements for "Type No. 2" defined
in JIS K 2204 "Gas 011", specifically a flash point of
50°C or higher, a 90% distillation temperature of 350°C

N or lower, a pour point of -7.5°C or lower, a cold filter
plugging point (CFPP) of -5°C or lower, a carbon residue
of the 10% distillation residue of 0.1 percent by mass
or less, a cetane index of 45 or greater, and a kinematic
viscosity at 30°C of 2.5 mm?/s or greater. The gas oil

composition satisfying the JIS No. 2 gas o0il standard
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constituents, each of which is then ionized. The ions are then

mass- separ ated by naking use of the fact that -65 the flight speed differs
according to the ion mass when a given acceleration voltage is applied to
ions, and a mass spectrumis obtained according to differences in arrival
time at the ion detector. The ionization nethod in GC-TOFMS is preferably
FI ionization nmethod because the formation of fragnented ions is suppressed
and the neasuring accuracy can be inproved. The neasuring devices and
conditions used in the present invention are as follows: (GC section)

Devi ce: HR6890e Berriagsl BCuSyst ém & ¢ apectaor cemandfract@u & dleyl HEWEET® iPACKARD
DEVLOPMENT COVPANY, L.P. Colum: A glient HP-5 (30 mx 0.32 nmil, 0.25
pmfilm GasrdeicdasiHe,dds 4ral/ad nut g r(cengtant- 1 H 06) Debrlret p Terper at ur e:
320C Injection Mde: split (split ratio = 1:100) Oven Tenperature: 50C kept
for 5 mnutesseddeyeased by 5C mnute, 320C kept for 6 minutes Injection
Vol unme: 1 pL (TOFMS section) Device: JMsS-T100GC manufactured by JEOL Ltd.

counter El ect! e, Volkags . 18- Qo ohanizabhan Apthadia F e a4

loni zation) -6

) satisfying the requirements for "Type No. 3" defined

\ in JIS K 2204 "Gas 0il", specifically a flash point of
45°C or higher, a 90% distillation temperature of 330°C
or lower, a pour point of -20°C or lower, a cold filter
plugging point (CFPP) of -12°C or lower, a carbon
residue of the 10% distillation residue of 0.1 percent
by mass or less, a cetane index of 45 or greater, and
a kinematic viscosity at 30°C of 2.0 mm?/s or greater.
The gas o0il composition satisfying the JIS No. 3 gas
oil standard is preferably used in accordance with
"Guidelines for Use of Gas 0Oil" described in JIS K
2204-1996 Description (Kaisetsu).

With regard to the definition of the sulfur

content, the definition of the present invention 1is

used as a concept superior to the JIS Standard.

: The sulfur content of the gas o0il compositions of
the present invention is necessarily 5 ppm by mass or
less, preferably 4 ppm by mass or less, more preferably
3 ppm by mass or less, more preferably 2 ppm by mass
or less, and more preferably 1 ppm by mass or less with

the objective of reducing poisonous substances
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GC Interface Tenperature: 250C Measured Mass Range: 35 to 500 The ratio of

i soparaffin/n-paraffin in the paraffin conponents in the gas oi
conpositions of the present invention is preferably 0.80 or greater, nore
preferably 0.90 or greater, and nore preferably 1.00 or greater in order to
maintain the |l ow tenperature performances. The isoparaffin and n-paraffin
contents used herein can be derived using the above-described GC-TOFMS. The
wat er content of the gas oil conposition of the present invention is
preferably 300 ppm by volunme or less, nore preferably 250 ppm by vol une or

| ess, ané&xinpretgreferabl yarzoen@grﬁ@)yam uhePie Wi oW 6fxfadlvetse affects to
fuel tanks and with the objective of suppressing of hydrolysis of ester
conpoundg.o sThep rwat s scory eny stised perdiorenctees. t hBhwatserl Lomt end defi ned
by JIS K 2275 "Crude oil and petrol eum products-Determ nation of water

cont ent " colieeati d sdrides r efer €aseo & st ba gas O3 lconarposidi ansl otirt he
present invention after an oxidation stability test is preferably 0.12

MKOH g domp 8820 O &n Pt BEebAY Vs Op F0+ FRKGHY 192 Or mbess .o Ang gmEec ipreferably
0.08 ngKOH' g or less in view of storage -67 stability and conpatibility to

!tog:r:):r a;r%(r%erﬁ)%?g%?ég I&zh%lrg éo&%ég;q%u%%%%nggéglr(:%lltfhggijjl %dgg?gr%iange wth
ASTM[DZL%é%de oil and petroleum products-Determination of
sulfur content".

The oxygen content of the gas oil compositions of
the present invention is necessarily 1 ppm by mass or
less, preferably 0.8 ppm by mass or less, more
preferably 0.6 ppm by mass or less, more preferably 0.4
ppm by mass or less, and more preferably 0.2 ppm by mass
or less with the objective of improving oxidation
stability. The oxygen content can be measured with a
conventional elemental analysis device. For example,
the oxygen content is measured by converting a sample
on platinum carbon to CO or further to C0O, and measuring
the amount thereof using a thermal conductivity
detector.

! When the gas o0il composition of the present
invention is a gas o0il composition satisfying the JIS
No. 2 gas oil standard, the flash point is necessarily
50°C or higher. If the flash point is lower than 50°C,
the composition can not be handled as the JIS No. 2 gas

0il for safety reasons. For the same reasons, the flash
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When the gas oil conposition of the present invention is a gas oi
conposition satisfying the JIS No. 2 gas oil standard, the cold filter

pl uggi ng point (CFPP) is necessarily -5C or lower which is a JIS No. 2 gas
oil standard. Further with the objective of prevention of plugging of the
pre-filter of a diesel powered autonobile, the cold filter plugging point
is preferably -6C or |ower and nore preferably -7C or |ower. Wen the gas
oil conposition of the present invention is a gas oil conposition
satisfying the JIS No. 3 gas oil standard, the cold filter pluggi ng point
(CFPP) i 9 afenessarplry felpg€odry boviEd avhilthghs m ali& mMore grgdss oablst andar d.
Further with the objective of prevention of plugging of the pre-filter of a
di esel pdAeC ed raut ogbbirl.e, ihencalhdt fgdtern ipl uggmme pothon so f préfer abl y
-13C or lower and nore preferably -14C or |lower. The cold filter plugging
poi nt us&é\géaitn irdeantes it hies ph Uggkng ipoid¥mPBaS U £6lni sam@fgan@e with
JIS K 2288 "Gas oil-Determnation of cold filter plugging point”. Wen the

gas oil Qﬂﬂ@OSEE#Q@bOf3tQﬁa@r@%@Dtstaﬁﬁkiﬁ&enkwﬂﬂ fia%kgaéthh;CPQDOSItlon
satlsfylng the JIS No. 2 gas oil standard, the pour point is necessarily

7.5C or 'rPé"@és‘é@'rClhl S ?°é'§r'\'§1?ﬁe%5 of t Standad dn o FYnthes 18w\é'r_‘3W of | ow

t enperature startabl ity and vability and wth the objective of

TRl gL kg s da] ection. ReLhanmnge o A, sheety anl fahly ogoteqld ed fue

i nj ection punp, the pour point is pre

JIS No. 3 gas o1l for safety reasons. For the same
reasons, the flash point is preferably 49°C or higher
and more preferably 53°C or higher. The flash point
used herein denotes the value measured in accordance
with JIS K 2265 "Crude o0il and petroleum
products-Determination of flash point".

The glyceride content of the gas cil compositions
of the present invention is preferably 0.01 percent by
mass or less, more preferably 0.008 percent by mass or
less, and more preferably 0.005 percent by mass or less
in view of adverse affects to parts. The glyceride
content used herein denotes the value measured in

accordance with EN14105.

‘e

The cetane index of the gas o0il 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 would be
increased. For the same reasons, the cetane index 1is

preferably 48 or greater and most preferably 51 or
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or |ower. Wen the gas oil conmposition of the present invention is a gas
oil conposition satisfying the JIS No. 3 gas oil standard, the pour point
is necessarily -20C or lower which is a JIS No. 3 gas oil standard.

Further in view of |ow tenperature startability and drivability and with
the objective of maintaining the injection performance of an electronically
controlled fuel injection punp, the pour point is preferably -23C or

| ower. The pour point used herein denotes the pour point nmeasured in
accordance with JIS K 2269 "Testing Method for Pour Point and C oud Poi nt
of Crude Gidaard . Petrol eum Products”. Wth regard to the distillation
characteristics of the gas oil conposition of the present invention

satisfying theTHesS dNetah@gasnaidx stapdarte rehe 998m odiesd i that ivanl henperature
is necessarily 350C or lower which is a JIS No. 2 gas oil standard,

preferably; 880Ca a5l owera caBL M eberahlyy 880G ofckowes , iaadmore - 69
preferably 320C or lower. If the 90% distillation tenperature exceeds the

upper limty-the e ssiens,9f M apdfi partd cles stend,#0 i ncrease. The
90% distillgtion tenperature fg prgfgfégf3 2§bC o§ ﬁighe?, nore preferably

285C or Rpg?ggrjggégd?gf?f¥§bky&gfgg Mﬁ%&@@@ﬁﬁ: and nore preferably 295C or

hi gher. | I'st atio enperature is lower than the lower limt,
o, oul L chenl sl SELLL NG, SLLeck bl d o, et e | 2200 1O 2

number and calculation of cetane index". The cetane
index defined by the JIS standards is generally applied
to gas o0il containing no cetane number improver.
However, in the present invention, "8.4 cetane index
calculation method using variables equation"” 1is
applied to a gas 0il containing a cetane number improver,
and the value obtained thereby is also defined as cetane
index.

The cetane number of the gas o0il compositions of
the present invention is preferably 52 or greater, more
preferably 54 or greater, and more preferably 55 or
greater. If the cetane number is lower than 52, it is
likely that the concentrations of PM, aldehydes, and
NOx would be increased. With the objective of reducing
black smoke in exhaust gas, the cetane number 1is
preferably 90 or lower, more preferably 88 or lower,
and 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
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There is no particular restriction on the 10% distillation tenperature.
However, the 10% distillation tenperature is preferably 265C or | ower and
nore preferably 260C or lower. If the 10% distillation tenperature exceeds
the upper Iimt, the exhaust gas performance of an engine tends to be
deteriorated. The 10%distillation tenperature is preferably 160C or

hi gher, nore preferably 170C or higher, and nore preferably 180C or higher.
If the 10%distillation tenperature is lower than the lower limt, the
engi ne OUE£Ut and high tenperature startability tend to be deterlorated
Wth regafd a ¢athend suimb el i onpelkareact ek fstEees DA rvhe §ds© di¢ted®position
of the present invention satisfying the JIS No. 3 gas oil standard, the 90%
-70 di stindrat eonutsenperatane idemetessdrtid yc886Bcom unhenr mete shresl a JI S
No. 3 gas oil standard, preferably 325C or |ower, nore preferably 320C or

| ower, arich mdeeompiefiecabl ytB15C orckaware hhimther 90%sdi shékhatd 'bn
tenperature exceeds the upper limt, the emssions of PMand fine particles

tend to igwseasabdheid0%Idi stididabi ovdenperaimre is preferably 270C or
hi gher, nore preferably 275C or higher, and further nore preferably 280C

or hi gher, p 4 &,the 98%edisstpl L 8lirih 2 EIREIAT Wea 4 Sel QURILdhan: & hgnlover
limt, a suff|C|ent fuel efficiency effect would not be attai ned, | eadi ng

to a tendency. Yebhaln s e condi g, Qupub ! &.d egged: dbgn10% distilati on

tenperature 1S necessa

When the gas o0il composition of the present
invention is a gas o0il composition satisfying the JIS
No. 2 gas 0il standard, the densityat 15°C is preferably
750 kg/m® or higher, more preferably 760 kg/cm’® or higher,
and more preferably 770 kg/cm’® or higher with the
objective of maintaining the calorific value. The
density is preferably 850 kg/cm® or lower, more

preferably 845 kg/cm®

or lower, and more preferably 840
kg/cm® or lower with the objective of reducing Nox and
PM emissions. When the gas o0il composition of the
present invention is a gas oil composition satisfying
the JIS No. 3 gas oil standard, the density at 15°C is
preferably 740 kg/m’ or higher, more preferably 745

- kg/cm® or higher, and more preferably 750 kg/cm3 or
higher with the objective of maintaining the calorific
value. The density is preferably 850 kg/cnﬁ or lower,

3orlower,andmorepreferably

more preferably 845 kg/cm
840 kg/cm’ or lower with the objective of reducing NOx

and PM emissions. The density used herein denotes the
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140C or higher, nore preferably 145C or higher, nore preferably 150C or

hi gher, and nore preferably 155C or higher. If the 10%distillation
tenperature is lower than the lower limt, the engine output and high
tenperature startability tend to be deteriorated. The 10%distillation
tenperature is necessarily 190C or |ower, preferably 185C or |ower, and
nore preferably 180C or lower. If the 10%distillation tenperature exceeds
the upper Iimt, the exhaust gas performance of an engine tends to be
deteriorated. The 10%distillation tenperature and 90% distillation

t enper at wren sis€¢ heraes nrdendire d beovalarese wik lmeasdr BEd22d ctOrdarce with
JIS K 2254 "Petrol eum products-Determ nation of distillation

charact erdest f 68'euMhendt he= gas 1eidm cprpesi ¢t er ¥t &heipresephn dfivention is
a gas oil conposition satisfying the JIS No. 2 gas oil standard, the

ki nemat i G e §¢0Si tanat p30G ol 8 URECRES @M dmdn% MNRHS @r thi gber shigh is a
JIS No. 2 gas oil standard, preferably 2.7 m2/s or higher, and nore

pr ef er abl S f e ki nematic viscosity is |lower than
ﬂbge emg% t@ﬁﬁgﬂ Pﬁé i@ d<

2~5 m2/s, it tends cu t to control the fuel injection timng at

the fuel inj ecijon, pl g@fh%%e nd by el £y oat each cpﬁrttbr%g&égsn el

i njection punp ins ne Wou bé reduced inenmatic

t f f bl .7 /
SRR e rt I R m&agl&r BT 14 Frpetes Yefian bhe”

HEFRR wear scar diameter (WS1.4) is preferably 410 um
or smaller and more preferably 400 uym or smaller. If
the HFRR wear scar diameter (WS1.4) is larger than 410um,
in particular a diesel engine equipped with a
distribution type injection pump encounters an
increase in driving torque and an increase in wear on
each part of the pump while the engine 1is driven,
possibly leading not only to degradations of the
exhaust gas properties and the particulate matter
removal performance but also to the breakdown of the
engine itself. Also in an electronically controlled
fuel injection pump, wear on the sliding parts would
occur.

: The HFRR wear scar diameter (WS1l.4) used herein
denotes the value measured in accordance with
JPI-55-50-98 "Gas o0il -Testing Method for Lubricity"
prescribed in JPI Standard and Manuals Testing Method
for Petroleum Products published by Japan Petroleum

Inst.
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viscosity exceeds 5 m2/s, the fuel injection system is destabilized due to
an increase in resistance therein and thus the NOx and PM concentrations in
the exhaust gas are increased. When the gas oil conposition of the present
invention is a gas oil conposition satisfying the JIS No. 3 gas oi

standard, the kinematic viscosity at 30C is necessarily 2.0 m2/s or

hi gher which is a JIS No. 3 gas oil standard, preferably 2.2 m®2/s or

hi gher, and nore preferably 2. 4 -72 mm2/s or higher. If the kinematic
viscosity is lower than 2.0 m¥/s, it tends to be difficult to control the
fuel injectionfhieraghame ] uklculyectsdhrp@ipl ehded thad TebaitdiGy at
each part of the fuel injection punp of an engine would be reduced. The

ki nemati cconseodi tyf ithoreteradly 4ompwEls iom$ ondr .t mer @ yreéetably 4.3
mZ/s or |lower, and nore preferably 4.0 m¥#/s or lower. |If the kinematic

vi scosi t yi exeeaedsod.5 Hul/svetkhe Hhel arionj£ctcocsystearn i Ssdest abilized due
to an increase in resistance therein and thus the NOx and PM concentrations

in the exhaustk (4as1ared nseeasat: #he vdingeatd € Yeswosihyriesed herein
denotes the value neasured in accordance with JIS K 2283 "Crude petrol eum

and pet r%gg@e&rwygt g-Pet erENat i Y fo KhREM i C1 \WSCOoshly @hdecal cul ation

of viscosity index from kinematic viscosity". The carbon residue of the 10%

?EStnieLlegt é?{%rf"ee%rgt'g 1% nE%Qgc%ar%c Obl, GAIPQRIL IO S%%fsé he; presepL invention
y 0. erce y mass or less. Wt e
objective of enhancing the environment load reducing
effects and reducing NOx 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 single ring naphthene content of the gas oil
compositions of the present invention is preferably 10
percent by volume or more, more preferably 15 percent
by volume or more, and more preferably 20 percent by
volume or more in view of fuel efficiency and exhaust
gas emissions. The single ring naphthene content can
be derived using GC-TOFMS. 1In GC-TOFMS, a sample is
subjected to gas chromatography to separate its

constituents, each of which is then ionized. The ions

are then mass-separated by making use of the fact that
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obj ectives of reducing fine particles and PM and maintaining the
performances of the exhaust post-processing systeminstalled in an engine,
the carbon residue is preferably 0.08 percent by nass or |ess and nore
preferably 0.06 percent by nass or |ess. The carbon residue of the 10%
distillation residue -73 used herein denotes that neasured in accordance
wth JIS K 2270 "Crude petrol eum and petrol eum products-Determ nation of
carbon residue". The ash content of the gas oil conpositions of the present
invention is preferably Iess than 0.01 percent by nmass. If the ash content
exceeds the dpgpeghki apeed tdhef Ashshecormesdihg tor & hef 1RV duer$ Agvisembust i on
in an engine and the anmounts of the entire PMand nano particles are

i ncreased. FFuvr¢her odehetrhe ash ve 1l textaudtsech@ms liited st ol toinss aceunul ated in
t he exhaust post-processing system and thus the performances thereof are

det eri or at eth s Thepasdt cont énd dised iker @i Ac cderndi 8y tthe vakde measyeed in
accordance with JIS K 2272 "Testing Methods for Ash and Sul fated Ash of

Crude O lin andrPetaol eumePraoduchs” i Jies 8 tie: therpar trivcdll apnriesd € £ 6hi on on
the el ectric conductivity of the gas oil conpositions of the present

inventiop. HoYRVEL, cther 8kRGt KiL ﬁcﬁ@%% afiwmslowlezgﬁ%w w0 RSN or

greater in view of safety. An static additive nay be added to the gas

0| COMRSLEL OB LA OhdSTn 05 LIPLEY S SNinEh U A on §ONIUEL LAY, LbEY eof - The

electric conductlv

and the measuring accuracy can be improved. The
measuring devices and conditions used in the present
invention are as follows:
(GC section)
Device: HP6890 Series GC System & Injector
manufacture by HEWLETT PACKARD DEVLOPMENT COMPANY,
L.P.
Column: A glient HP-5 (30 m x 0.32 mm®, 0.25
um-f£ilm)
Carrier Gas: He, 1.4 mL/minute (constant flow)
Inlet Temperature: 320°C
Injection Mode: split (split ratio = 1:100)
Oven Temperature: 50°C kept for 5 minutes,
increased by 5°C/minute, 320°C kept for 6 minutes
Injection Volume: 1 uL
(TOFMS section)
Device: JMS-T100GC manufactured by JEOL Ltd.
Counter Electrode Voltage: 10.0 kV

Ionization Method: FI + (Field Ionization)
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herei n denotes the val ue neasured in accordance wth JIS K 2276 "Petrol eum
product s- Testing nethods for aviation fuels". -74 The total insoluble
content of the gas oil conpositions after an oxidation stability test is
preferably 2.0 ng/ 100 nL or less, nore preferably 1.5 ng/100 nL or |ess,
nore preferably 1.0 ng/100 nL or less, and nore preferably 0.5 ng/100 niL or
| ess. The oxidation stability test used herein is carried out at a
tenperature of 95C under oxygen bubbling for 16 hours in accordance with
ASTM D2274-94. The total insoluble content after an oxidation stability
test denotes th€ Ivateefmrasufedipaeratcaradange i@ h the foregoing oxidation
stability test. The peroxide nunber of the gas oil conpositions of the
present inventMemsaiter tMwesabewerglescritbedo 6Xiddati on stability test is
preferably 10 ppm by mass or less, nore preferably 8 ppm by mass or |ess,
and nore preferably 5 ppmby mass or less in view of storage stability and
conpatibility to parts. The peroxide nunber used herein denotes the val ue

measured in age dance Wdh JBlonsr 46196, pregard bediinn Pl thSt andard and
Manual s Testing Method for Petrol'eum Products published by Japan Petrol eum

o et PP LTE S8 05 Ele) cractpuoton P e ste Lo e o
nunber. The Lohal 3G/ & pyTRen Of, 188,935, P! oML Ly PR ter, more
preferably 0.90 or greater, and more preferably 1.00
or greater in order to maintain the low temperature
performances. The isoparaffin and n-paraffin
contents used herein can be derived using the
above-described GC-TOFMS.

The water content of the gas o0il composition of
the present invention is preferably 300 ppm by volume
or less, more preferably 250 ppm by volume or less, and
more preferably 200 ppm by volume in view of adverse
affects to fuel tanks and with the objective of

suppressing of hydrolysis of ester compounds. The

water content used herein denotes the water contend

v

defined by JIS K 2275 "Crude o0il and petroleum
products-Determination of water content”.

The acid number increase of the gas oil
compositions of the present invention after an
oxidation stability test is preferably 0.12 mgKOH/g or
less, more preferably 0.10 mgKOH/g or less, and more

preferably 0.08 mgKOH/g or less in view of storage
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-75 of the present invention is preferably 1.0 ngKOH g or |ess. The total
acid nunber indicates the anount of the free fatty acid in a mxture. |f
the total acid nunber is larger, parts would be adversely affected by acid
conpounds. Therefore, the total acid nunber is preferably 1.0 ngKOH g or

| ess, nore preferably 0.9 mKOH/ g or | e s s, and nore preferably 0 . 8
ng/ KOH or less, and particularly preferably 0.13 ng/ KOH or |ess. The total
aci d nunmber used herein denotes that nmeasured in accordance with JIS K 2501
"Petrol eum products and |ubricants-Determ nation of neutralized nunber”. If
necessar gt dithelgas; ok hdcamposatiiansl of yt o present i nvention may be bl ended
wth a cetane nunber inprover as nmuch as is sufficient so as to enhance the
cetane nunber. ThRe &gt ane Nvnber AWPLover HaYtha ooy 6fe vai hous conpounds
known as a cetane nunber inprover for gas oil. Exanples of such a cetane

nunber i ppRroveeq neludet ratféh%eelsé@ﬁ%ear@fonqm@ pelgadt desy glese cetane
nunber inprovers may be used al one or in combination. Preferre for use in

the presenti YEN! QN aen e ate zaeéc}ﬁ%aar@i anp| eg QgT'EVJh92Q'7téLa§@ esters

i-ncl ude various nitrates suc or oet nitrate 2- et oxyethyl
nitrate, |sopr%§%51nkhrat Sbg ﬁ] cghlﬁfgf% q;EyF%gygjpég secondary
anyl nitrate |soanyl hitrate, exyI t secondary hexyl
mitrate, r]hegilog“féategas %?f”cg$£%%gtlon satisfying the JIS

No. 2 gas oil standard, the cold filter plugging point
(CFPP) is necessarily -5°C or lower which is a JIS No.
2 gas o0il standard. Further with the objective of

prevention of plugging of the pre-filter of a diesel
powered automobile, the cold filter plugging point is
preferably -6°C or lower and more preferably -7°C or
lower. When the gas o0il composition of the present
invention is a gas oil composition satisfying the JIS
No. 3 gas oil standard, the cold filter plugging point
(CFPP) is necessarily -12°C or lower which is a JIS No.
3 gas 01l standard. Further with the objective of

prevention of plugging of the pre-filter of a diesel

powered automobile, the cold filter plugging point is

'

preferably -13°C or lower and more preferably -14°C or
lower. The cold filter plugging point used herein
denotes the plugging point measured in accordance with
JIS K 2288 "Gas oil-Determination of cold filter
plugging point".

When the gas o0il composition of the present
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2-ethyl hexylnitrate, cyclohexyl nitrate, and ethylene glycol dinitrate.
Particularly preferred are alkyl nitrates having 6 to 8 carbon atons. The
content of the cetane nunber inprover is preferably 500 ppm by mass or

nore, nore preferably 600 ppm by nmass or nore, nore preferably 700 ppm by
mass or nore, nore preferably 800 ppm by nmass or nore, and nost preferably
900 ppm by mass or nore on the basis of the total mass of the gas oi
conposition. If the <content of the cetane nunber inprover is |ess than 500
ppm by mass, the cetane nunber inproving effect may not be attained

suf fi ci edtdwyenkeadi ngst® gqatendencyohhats i PMp nalsdehiysl€y,i ramdc INEX JiIis t he
exhaust gas froma diesel engine are not reduced sufficiently. There is no

particul aro r estghet iodn ot & A UpPer t hiempglo €onp eith tofi s the ceataneinyirber
i nprover. However, the upper |imt is preferably 1400 ppm by nass or |ess,

nore preferapby 01;25%@@91 DY iMBSSi Oral 88, NIOr © Ryeses abl ¥ tEk0Qappm by nass
or less, and nost preferably 1000 ppm by mass or |ess, on the basis of the

total ”B%%Pi‘;h(ef}e 19@5 Qidy SEMRCR) tEap, Pgtﬁ%tea“@tﬁ'f%ﬂ%@%ﬁd”ﬁy be
any of those synt eS|zed |n accordancé)mnth conventional nethods or -77

comer ci af Ly, ayai abl e, progualis . SUCh, produgls, ;gﬁme%%%ﬁ ghane nunber

i nprover are avai at e ei he e I VE comporen
contri but.in rovement in_cetan nunbe cet ngo ﬁgﬂfr

o over i Peb it A PERYESI R Archh At bphaa P1y &8N

fuel injection pump, the pour point is preferably -10°C
or lower. When the gas 01l composition of the present
invention is a gas oil composition satisfying the JIS
No. 3 gas oil standard, the pour point is necessarily
-20°C or lower which is a JIS No. 3 gas oil standard.
Further in view of low temperature startability and
drivability and with the objective of maintaining the
injection performance of an electronically controlled
fuel injection pump, the pour point is preferably -23°C
or lower. The pour point used herein denotes the pour
point measured in accordance with JIS K 2269 "Testing
Method for Pour Point and Cloud Point of Crude 0il and
Petroleum Products".

M With regard to the distillation characteristics
of the gas 0il composition of the present invention
satisfying the JIS No. 2 gas oil standard, the 90%
distillation temperature is necessarily 350°C or lower
which is a JIS No. 2 gas o0il standard, preferably 340°C

or lower, more preferably 330°C or lower, and more
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In the case where the gas oil conposition of the present inventionis
prepared using any of such comercially available products, the content of
the effective conponent is preferably within the above-described range. In
addition to the cetane nunber inprover, the gas oil conposition may be

bl ended with other additives, particularly preferably with a lubricity

i nprover and/or a detergent. The lubricity inprover may be any one or nore
sel ected from carboxylic acid-, ester-, alcohol- and phenol-based |ubricity
i nprovers. Anong these lubricity inprovers, preferred are carboxylic acid-
and est ep-dsaedalkdbyr i 820y G nproverss r The Idartbogy 90 adiidthasedtiiwhricity
inprover may be linoleic acid, oleic acid, salicylic acid, palmtic acid,
nyri sti c taoioe ob thexaderer@ s achd appe m Ximie , afh4¢wemars snosesob ft hese
carboxylic acids. Exanples of the ester-based lubricity inprover include
car boxyl ire1 aghd €sitres spefrt ytels nerdfe t o 78neardroxyl i cTae doberm ng the
carboxylic acid ester may be of one or nore types. Specific exanples of the

car boxyl i aet d1iahcd yger Ehpled cudel ds gheit Aghd.y 238 d €Y # qlﬁghe,r pal mitic
acid, nyristic acid or hexadecenoic acid. There i's no particular

restrict iy %}é’}rigﬁe‘%‘%ﬂ/ %@% %“%IJS‘FH r?!eﬁryt h.e ae8§ £8r%%]g5é?‘§’8dc'f the

HFRR wear i anet er wthin’ descri
- or higher, and more preferably 295°C or higher. TIf the

90% distillation temperature is lower than the lower
limit, a sufficient fuel efficiency effect would not
be attained, leading to a tendency that the engine
output is reduced.

There is no particular restriction on the 10%
distillation temperature. However, the 10%
distillation temperature is preferably 265°C or lower
and more preferably 260°C or lower. If the 10%
distillation temperature exceeds the upper limit, the
exhaust gas performance of an engine tends to be
deteriorated. The 10% distillation temperature is
preferably 160°C or higher, more preferably 170°C or
higher, and more preferably 180°C or higher. If the

: 10% distillation temperature is lower than the lower
limit, the engine output and high temperature
startability tend to be deteriorated.

With regard to the distillation characteristics
of the gas o0il composition of the present invention

satisfying the JIS No. 3 gas o0il standard, the 90%
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preferred range. However, the anount is preferably 35 ppmby nmass or nore
and nore preferably 50 ppm by mass or nore on the basis of the total nass
of the composition. Wen the lubricity inprover is blended in an anount

wi thin these ranges, the lubricity inprover can effectively performits
efficacy thereof. For exanple, in a diesel engine equipped with a
distribution type injection punp, the lubricity inprover can suppress the
driving torque fromincreasing and can reduce wear on each part of the punp
while the engine is driven. The wupper |imt anount is preferably 150 ppm by

mass or Iesstiand tee PeefiRy @dt ¥ r03 PREIYs 8BS 10§ JBsschegauseirt s
ef fect as bal anced with the anobunt is not obtained. Exanples of the

det er gent,s | Al yde ashiers . di g%%f%qmt £ 4RB PRI £ rTidley gogpaunds,

al kenyl succi nim des such as pol ybuten succi ni synt S|zed from

pol ybut e CCInIC anh drat ylLene p am nes su00|n|c acid
esters sg%% f% po1y%8§ény? § éEid?% amd[51 ét @%%ﬁeg.zeH O © pol yhydri c
al cohol's such as pentaerythritol and pol butenyl succi,nic anhydrate

copol yner 228 15dt Yers SichCds opsiynerst of P& al &y Sisiokt gt 1on

met hacryl ates, polyethylene glycol nethacryl ates, or vinylpyrrolidon and
al kyl met HeRRpEatadsy r ane x pohhepruFets éﬁhﬁﬂiﬁ&?lB@kﬁﬁﬁ@nén@ﬁunnes
Anmong these, preferred are al kenyl succininm des and reaction products of
car boxyl ikM ashds fandeamianesicTheset edet ergenns magysbe uddde aPérke or in
conbi nati on
distillation temperature is preferably 270°C or higher,
more preferably 275°C or higher, and further more
preferably 280°C or higher. 1If the 90% distillation
temperature is lower than the lower 1limit, a sufficient
fuel efficiency effect would not be attained, leading
to a tendency that the engine output is reduced.

The 10% distillation temperature is necessarily
140°C or higher, more preferably 145°C or higher, more
preferably 150°C or higher, and more preferably 155°C
or higher. If the 10% distillation temperature 1is
lower than the lower limit, the engine output and high
temperature startability tend to be deteriorated. The
10% distillation temperature is necessarily 190°C or
lower, preferably 185°C or lower, and more preferably
180°C or lower. 1If the 10% distillation temperature
exceeds the upper limit, the exhaust gas performance
of an engine tends to be deteriorated.

The 10% distillation temperature and 90%

distillation temperature used herein denote the values
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When an al kenyl succinimde is used, an al kenyl succinimde having a

nol ecul ar wei ght of 1000 to 3000 may be used al one, or an al kenyl

succi nim de having a nolecular weight of 700 to 2000 and an al kenyl

succi nim de having a nol ecul ar wei ght of 10000 to 20000 ray be used in
conbi nati on. 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 atons. Exanples of fatty
aci ds havinpgshired 24 cacborr e wWinthudd,S bkt 22614 | I' Rettedd t Barret o,
linoleic acid, oleic acid, palmtic acid, and nyristic acid. Exanples of

- 80 ar omapireo dat bexyld tce aniidsa havnng 7 tds24 chehdrorat ons i ncl ude, but not
limted thereto, benzoic acid and salicylic acid. Am nes constituting
reacti on pheducts<0efi L£arbexyl i c acids and am nes nay be of one or nore
types. Typical exanples of am nes used herein include, but not limted

thereto, ol ei c pALRES: H¥akiQUS, 8 NESHPBY 1! SOnDG fusede Thesrgehs NO
particular restriction on"the anount of the detergent to be bl ended.

However, the ampugt, i ao:?sggrgglly Cg?%eé)g%&y%%??;%ﬁ?gy rfg mghee P eger ably

60 ppm by nass or nore, a nore pr nore, on the
ot I A P T ke S R U R R
is necessarily 2.5 mm?/s or higher which is a JIS No.

2 gas 0il standard, preferably 2.7 mm?/s or higher, and
more preferably 2.9 mm?/s or higher. If the kinematic
viscosity is lower than 2.5 mm?/s, it tends to be
difficult to control the fuel injection timing at the
fuel injection pump side, and lubricity at each part
of the fuel injection pump installed in an engine would
be reduced. The kinematic viscosity is preferably 5
mm?/s or lower, more preferably 4.7 mm?/s or lower, and
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 concentrations in the
exhaust gas are increased. When the gas oil
composition of the present invention is a gas oil
composition satisfying the JIS No. 3 gas o0il standard,
the kinematic viscosity at 30°C is necessarily 2.0 mm®/s

or higher which is a JIS No. 3 gas oil standard,

preferably 2.2 mm?/s or higher, and more preferably 2.4
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pl uggi ng. The effect may not be obtained if the anbunt is less than 30 ppm
by mass. On the other hand, if the detergent is blended in a too much
amount, its effect as balanced with the amount is not obtained. Therefore,
t he amount of the detergent is preferably 300 ppm by nass or |ess and nore
preferably 180 ppm by mass or |ess because the detergent may increase the
amopunts of NOx, PM and al dehydes in the exhaust gas from a di esel engine.
Li ke the above-descri bed cetane nunber inprover, products in the nanme of
lubricity inprover or detergent are available in a state wherein the

ef f ecti venmBAs comporiestie cont mitbuth @gkte cane t ipr eMeneat ity |ubriewter or to
detergency is diluted with a suitable solvent. |In the case where such

product s @ gnbpendeeh>vid h itihe e gas ebl beospast { £an tof: 4 ke, Pt esant Haventi on,
the content of the effective conmponent is preferably within the

above: deset b bed 5ange; ohnardel o Lo: TURLher Onhaprecthe Proprpt ke of the

gas oil conpositions of the present 1nvention, known oi |

addi 1 ves, heTSknAfL et fes edetg 35 cpther ddif i vese forogonveni ence)

may be used al one nconbi nati es of ot her ve | ude

| ow tenperature fluidity i overs, such as_et hyl.ene- vi.nyl .acetat,
copol ymer&E #it i kbR SHENPE ERAHESS S - phdet 2 e e THaseas 1 Ty
anti-oxidants; netal deactivators such _as salicyliden derivatives;
anti-ici ngS apERtEsS SR A vad -p%uy@fpéopretlh@q‘%,rr Bfth € chF BdSi 0wl adert-s® such as
al i phatic am nes and )

mm“/s or lower, and more preferably 4.0 mm°/s or lower.

If the kinematic viscosity exceeds 4.5 mm?/s, the fuel
injection system is destabilized due to an increase in
resistance therein and thus the NOx and PM
concentrations in the exhaust gas are increased. The
kinematic viscosity used herein denotes the value
measured in accordance with JIS K 2283 "Crude petroleum
and petroleum products-Determination of 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. With the

A objectives of reducing fine particles and PM and
maintaining the performances of the exhaust
post-processing system installed in an engine, the
carbon residue is preferably 0.08 percent by mass or
less and more preferably 0.06 percent by mass or less.

The carbon residue of the 10% distillation residue
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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 defoam ng agents. The anmounts of other additives
may be arbitrarily selected. However, the anount of each of other

additives is preferably O .5 percent by mass or less and nore preferably
0.2 percent by mass or less, on the basis -82 of the total mass of the
conposition. [Effects of the Invention] The gas oil conposition of the
present invention conprising an environnent friendly base gas oil produced
from an arsedl here/egetiablcet ¢ at tared: aneeasmaneat 1 norkiqge aatiamg: ¢ heri éfftr om has
excellent life cycle CO2 em ssion properties, fuel efficiency, oxidation
stabilityyisegs 2affecticvard® pardiSo PEQRErdhes peto 1kaw t enperat ure
startability. [Exanples] Hereinafter, the present invention will be

descri beg } §igene dek diclrsn Py a\Wa¥% 0f othe S ebbawings ; exam| es and conparative
exanpl es, which should not be construed as limting the scope of the
invention. [B@mpl i Ve l.es: 1. 6], <The vacuum
gas oil and vegetagﬁglﬁa%gt%gG?nggﬁgp%%g%ﬁg#%F%@HE§%§¥%%%ﬁsithggﬁé 1 were
reacted undere% e. Rpac%Lon cquiti ns %§P forth %ﬁaTa%I$ so.as to pr oduce
envi r onnent - ri en&lrﬂ/ ba éogrhsl o™ 1°t 6 %e]te?Sr ih- Tablfe 3 an&

envi ronr’r%n; I%glseé"n.dl yIPagﬁeggsshmclgnéetn% 6exceeds the upper limit,

the ash becomes the core of PM during combustion in an
engine and the amounts of the entire PM and nano
particles are increased. Further when the ash 1is
exhausted as it is, it is accumulated in the exhaust
post~-processing system, and thus the performances
thereof are deteriorated. The ash content used herein
denotes the value measured in accordance with JIS K 2272
"Testing Methods for Ash and Sulfated Ash of Crude 0il
and Petroleum Products".

There is no particular restriction on the electric
conductivity of the gas oil compositions of the present
invention. However, the electric conductivity 1is

preferably 50 pS/m or greater in view of safety. An

L]

S anti-static additive may be added to the gas oil
composition in order to improve the electric
conductivity thereof. The electric conductivity used
herein denotes the value measured in accordance with
JIS K 2276 "Petroleum products-Testing methods for

aviation fuels".
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set forth in Table 4. The properties of fatty acid al kyl esters produced by
esterifying the vegetable fats set forth in Table -83 1 are also set forth
in Table 3. These fatty acid alkyl esters are nethyl ester conpounds
produced by reacting the vegetable fats with nmethanol. An ester exchange
reacti on was used wherein an ester conmpound is produced by reacting the
vegetable fats directly with an alkyl alcohol, stirring at a tenperature of
70C for one hour in the presence of an al kyl catal yst (sodium nethyl ate)
The environnment friendly base gas oils 1 to 3, nethyl-esterified products
of the veget ablTénd at ot adndinhydror eéi mecth oehtl avhi the syaspetirlol eum base oi |
set forth in Table 3 are blended to produce gas oil conpositions

sati sfyi ngpohbesditS dNos 2 fasroidn sé andartdi o G Takd £ 5) 1 thhet eswi riomnent
friendly base gas oils 4 to 6, nethyl-esterified products of the vegetable

fats, andgrdaydrenef {ngdooilg 21 Wi gl o a k1 oheud hasereidasety 1fagth in
Table 4 are blended to proéLce gas oil conpositions satisfying the JI'S No.

3 gas oilpgyandand £ Table &) o The,teldomi pg addipth¥6s oerg, Bsedeslubricity
irprover: a carboxylic acid mxture containing linoleic acid as the main

conponent, P(‘]?.t Rlgent, -a FEACLE QN Prodyet, 0f gangarbpxyld & aci gy m xture

contalining Il nol ei ¢ aci as

- oxidation stability test used herein is carried out at
a temperature of 95°C under oxygen bubbling for 16 hours
in accordance with ASTM D2274-94. The total insoluble
content after an oxidation stability test denotes the
value measured in accordance with the foregoing
oxidation stability test.

The peroxide number of the gas o0il compositions
of the present invention after the above-described
oxidation stability test is preferably 10 ppm by mass
or less, more preferably 8 ppm by mass or less, and more
preferably 5 ppm by mass or less in view of storage
stability and compatibility to parts. The peroxide
number used herein denotes the value measured in
accordance with JPI-5S-46-96 prescribed in JPI

N Standard and Manuals Testing Method for Petroleum
Products published by Japan Petroleum Inst. An
anti-oxidant or a metal deactivator may be added to the
gas 01l composition in order to reduce the total

insoluble content or the peroxide number.

The total acid number of the gas o0il compositions
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-84 the main conponent and oleic amne Low Tenperature Fluidity Inprover:
an et hyl ene-vinyl acetate copolyner Tables 5 and 6 al so shows the bl end
ratio in each of the gas oil conpositions, and the density at 15C,

ki nematic viscosity at 30C, flash point, sulfur content, oxygen content,
distillation characteristics, aromatic content, cetane nunber, cetane

i ndex, pour point, plugging point, carbon residue content of the 10%
distillation residue, ash content, water content, insoluble content after
an oxidation stability test, peroxide nunber, total acid nunber, electrical
conduct i vdf yt hand reesgnscan vdiraneber i sofp eath refb 1 hel . §asgdiPHE@MEGSI ti ons.
These properties were neasured by the follow ng nethods. The density

i ndi catesl ¢ hat nBFasuredtian accotdancebew tihdi Sake2249h e Caudeu pet d eum and
petrol eum products-Determ nation of density and petrol eum neasurenent

tabl es based erec rebergnceci anper ad uhe x &) " . THe kénematd T ¥icsepsity
i ndi cates that nmeasured in accordance with JIS K 2283 "Crude petrol eum and

petrol eum prodyct s @eatie%@knab'a% Of; K @Bl %d\/x}éf%'ltyy 28nde caleuhafion of

vi scosity index from 5 ki hematic viscosity". The sul fur content ‘i ndi cates

the ”Hssé%Tae% ﬁgounds. Therefore, the total acid number is

— preferably 1.0 mgKOH/g or less, more preferably 0.9
mgKOH/g or less, and more preferably 0.8 mg/KOH or less,
and particularly preferably 0.13 mg/KOH or less. The
total acid number used herein denotes that measured in
accordance with JIS K 2501 "Petroleum products and
lubricants-Determination of neutralized number”

If necessary, the gas o0il compositions of the
present invention may be blended with a cetane number
improver as much as is sufficient so as to enhance the
cetane number.

The cetane number improver may be any of various

compounds known as a cetane number improver for gas oil.

Examples of such a cetane number improver include

nitrate esters and organic peroxides. These cetane

A

number improvers may be used alone or in combination.
Preferred for use in the 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,
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t he sul fur conponents on the basis of the total mass of the conposition,
nmeasured in accordance with JIS K 2541 "Crude oil and petrol eum
products-Determ nation of sulfur content”. The oxygen content was neasured
by an el enental analysis nmethod. The distillation characteristics are
val ues neasured in accordance with JI'S K 2254 "Petr ol eum
products-Determ nation of distillation characteristics". The aromatic
content is the volune percentage (volume % of the aromatic conponent
content neasured in accordance with JPI-5S-49-97 " Petrol eum Products
- Det er ni Aat PBRYAf MyEEGE boR TiypesY - Hisghy PePfidrimhte 1§@andary
Chr omat ogr aphy"” prescribed in JPI Standard and Manuals Testing Method for
Pet r ol eumh &% pductist r palsl,i shetdelpt Yhpan tRettel,eumdasty.l Thetwatted, content is
that defined by JIS K 2275 "Crude oil and petrol eum product s-Determ nation
of wat er2coenheniile x Thent kasht piayg cil ® Hidrey Val e ramasuraadd it hatearedance
with JIS K 2265 "Crude oil and petrol eum products-Determ nation of flash
poi nt". -Bbydbe toiaAktad e Dunber d Scthatr Ipagulets f Redacepedanggy wi th JIS K
2501 "Petrol eum products and |ubricants-Determ nation of neutralized
nurmber”. ThergetanenhRdex;i § the yalue@hcykated in accordance with "8.4
hod

cet ane nunber cal cul ati on” net ho

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 800 ppm by mass or more, and
most preferably 900 ppm by mass or more on the basis
cof the total mass of the gas o0il composition. If the
content of the cetane number improver is less than 500
ppm by mass, the cetane number improving effect may not
be attained sufficiently, leading to a tendency that
PM, aldehydes, and NOx in the exhaust gas from a diesel
engine are not reduced sufficiently. There is no
particular restriction on the upper limit content of

the cetane number improver. However, the upper limit

is preferably 1400 ppm by mass or less, more preferably
1250 ppm by mass or less, more preferably 1100 ppm by
mass or less, and most preferably 1000 ppm by mass or
less, on the basis of the total mass of the gas oil
composition.

The cetane number improver may be any of those

synthesized in accordance with conventional methods or
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usi ng vari abl es equation"” prescribed in JIS K 2280 "Petrol eum

product s- Fuel s-Determ nati on of octane nunber, cetane nunber and

cal cul ati on of cetane nunber". The cetane index defined by the JIS
standards is not generally applied to gas oil containing a cetane nunber

i nprover. However, in the present invention, "8.4 cetane nunber cal cul ation
nmet hod using variables equation” is applied to a gas oil .containing a
cetane nunber inprover, and the value obtained thereby is also defined as
cetane i ndex. The cetane nunber denotes that neasured in accordance with
"7. Cetaneomupirerid b3ty aebhdd'blpresodibedsin JuSKR2280utRet riol elra

product s- Fuel s-Determ nati on of octane nunber, cetane nunber and

cal cul at iroamef o €et @ana nendexib e ThemdRR, e as recar adi eaet er 1 (VWe1ls 4 tdenot es
lubricity measured in accordance with JPI-5S50-98 "Gas oil -Testing Method

for Lubriwgidyeipresgei Retrdépt idR Shapdat &nand Mapdals: tlesyi rgp Mehhod for
Petrol eum Products publlshed by Japan PetroleumInst. -87 The pl ugging

p0|nt 'nQJﬁﬁE%vkﬂ@% d§ ta@maaﬁ 9&@%?0?1“‘th J&@t%r%28§u

oi | -Determ hation ter pl uggi ng point™. The pour p0|nt denot es

co
t hat ma}%ﬁgolﬁpcc%ggr}c 'Jr ' g ?rol euﬁ%ﬁ}";’eghllncgag&%h%dof L ,Four Poi nt

and C ou ol nt "of r oduct e car on resi due

cont ent q} 10@6d|stllla%%pn r esi.due denote t hat Q§ured |n %Fcordance
with JIS n the case where e gas oi comp031 ion o e pres

invention is 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 composition may be blended with other additives,
particularly preferably with a lubricity improver
and/or a detergent.

The lubricity improver may be any one or more
selected from carboxylic acid-, ester-, alcohol- and
phenol-based lubricity improvers. Among these
lubricity improvers, preferred are carboxylic acid-

and ester-based lubricity improvers.

-

h The carboxylic acid-based lubricity improver may
be 1linoleic acid, oleic acid, salicylic acid, palmitic
acid, myristic acid or hexadecenoic 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
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K 2270 "Crude petrol eum and petrol eum products-Determ nation of carbon
residue". The ash content denotes the value neasured in accordance with JIS
K 2272 "Testing Methods for Ash and Sulfated Ash of Crude G| and Petrol eum
Products”. The insoluble content after an oxidation stability test denote
the val ue neasured at a tenperature of 95C under oxygen bubbling for 16
hours in accordance with ASTM D2274-94. The peroxi de nunber denotes the

val ue neasured in accordance with JPI-5S-46-96 prescribed in JPI Standard
and Manual s Testing Method for Petroleum Products published by Japan

Pet r ol eurfid AP X YiheC ef ed€r ifeaImEBAMGES Via yPa&not &S &Rd C\/ﬁ%"eern@&%r ed in
accordance with JIS K 2276 "Petrol eum products-Testing nethods for aviation
fuel s". A= apparcere fromdadl §vPesn ERpepl it tax&Mp-L8% whér &ilve t he
environment friendly base gas oils and mxtures thereof with the

hydr or ef iaredb oxly wec eawsetl iard didended d he Apowt 5dwi thiei the aiashge defi ned
by the present invention, the resulting gas oil conpositions satisfied the
requi r emedd 51iwlyariet nathel supbumicontentcids by by cmassiar dress and the
oxygen content is 1 percent by mass or |less. Furthernore, Exanples 1 to 5

ensure the.-gasyquoduetizan; @ oil conpositions satisfying the JIS No. 2 gas
oil properties. Wiereas, in Conparative Exanples 1 to 4 wherein the gas oi

conposi tions wang proguced wthout using-Lhe SpecibiCon 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 and more preferably 50 ppm by mass
or more on the basis of the total mass of the composition.
When the lubricity improver 1is blended in an amount
within these ranges, the lubricity improver can
effectively performits efficacy therecf. For example,
in a diesel engine equipped with a distribution type
injection pump, the lubricity improver can suppress the
driving torque from increasing and can reduce wear on
each part of the pump while the engine is driven. The
upper limit amount is preferably 150 ppm by mass or less
and more preferably 105 ppm by mass or less because its
effect as balanced with 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
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environment friendly base gas oils, the conpositions intended by the
present invention are not necessarily produced. As apparent from Table 6,
in Exanples 6 to 10 wherein the environnent friendly base gas oils and

m xtures thereof with the hydrorefined oil were used and blended in anounts
within the range defined by the present invention, the resulting gas oi
conpositions satisfied the requirenents wherein the sulfur content is 5
ppm by nass or |ess and the oxygen content is 1 percent by nass or |ess.
Furthernore, Exanples 6 to 10 ensure the easy production of oi

conposi t i ®hs Yileme colod YR BE Riegt; u§e Csdti 5Eyiangt @ he sHeS Mo s UT yadsoi |
properties. Wereas, in Conparative Exanples 1, 2, 5 -89 and 6 wherein the
gas oil cpopesiutenylwerec pioducedc i tdhote rusi yythles spedi fiornvi r onment
friendly base gas oils, the conpositions for cold district use intended by
t he presemb liyivedt i en A @ hotl nesesdard ¢ yp eprodkie gd.h riheofloldroam ng vari ous
tests were carried out using the gas oil conpositions of Exanples 1 to 10

and  Conpgeatipie: EXMPl£scdita 6. aAhly PFathe tesponemebiszeare set forth in
Tables 7 and 8. It is apparent from the results set forth in Table 7 that

the gas obh) GRIPYSLIANS, of Wb%ﬂste_fwﬁfk SsmiRoldtfrey gycl e carbon

di oxi de em sSions, excellent el efficiency, ow tenperature

;gf‘[;?bggﬁ%égagg{‘%%it allop StAN ALY Yy o ARfl, 0AME 858 MBI SE AT FEFE tO the
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 is used, an alkenyl
succinimide having a molecular weight of 1000 to 3000
may be used alone, or an alkenyl succinimide having a
molecular weight of 700 to 2000 and an alkenyl
succinimide having a molecular weight of 10000 to 20000
may be used in combination.

Carboxylic acids constituting reaction products
of carboxylic acids and amines may be of one or more

s types. Specific examples of the carboxylic acids
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 not limited thereto, linoleic acid, oleic

acid, palmitic acid, and myristic acid. Examples of
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the gas oil conpositions of Conparative Exanples 1 to 4. It is also
apparent fromthe results set forth in Table 8 that the gas oi
conpositions of Exanples 6 to 10 were less in |ife cycle carbon dioxide
em ssions, excellent in |ow tenperature startability and oxidation
stability, and gave | ess adverse affect to the parts, conpared with the gas
oil conpositions of Conparative Exanples 1, 2, 5 and 6. The tests using a
vehicle was carried out in accordance with Exhibit 27 "10/15 Mbde Exhaust
Em ssions Test procedure for Diesel-Powered Mtor -90 Vehicles" in "Traffic
Saf ety NuA 5aA@d ResearbwxYhici pwtieds Pavdrmobi T et Typé Agdioal atedts

St andard" supervised by Mnistry of Land, Infrastructure, and Transport
Japan. (FuetlEfde ci bndy Test )l iThet édelt ke fiecicencyeofzahe gas disnd
conpositions satisfying the JIS No. 2 gas oil properties was neasured

usi ng thesaolilcoyi hg autiofrobi Asiegs pped i 1 bua id @seka poivened engi ne
(Vehicle 1). The test was carried out wunder the transient driving node

si mul ati ngraetdl s 68NBiaNboghIWE idx: FiE. alhd Wik hnkegady tvef uel wfdiciency,
the volune flow of the fuel consuned during the test node was

fuel -t enpgratyLe comensat o and, (el arfiorWerd edaha el Ol coFaER Dfn the
results was then quantified by conparing it wth the result of Conparative
Bxanpl e 3; (ydrorefpaed oL Dpn WPLEN ¢ £ UL Wag12353MeA 1 10 |

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 or more, more preferably
60 ppm by mass or more, and more preferably 80 ppm by
mass or more, on the basis of the total mass of the
composition, because the detergent can perform 1its
effect to suppress a fuel injection nozzle from
plugging. The effect may not be obtained if the amount
is less than 30 ppm by mass. On the other hand, if the
detergent is blended in a too much amount, its effect
as balanced with the amount is not obtained. Therefore,
the amount of the detergent is preferably 300 ppm by

. mass or less and more preferably 180 ppm by mass or less
because the detergent may increase the amounts of NOxk,
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
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(Vehicle Specifications): Vehicle 1 Type of engine: in-line 4 cylinder

di esel engine wth an intercool ed supercharger D splacenent: 3 L
Conmpression ratio: 18.5 Maxi num power: 125 kW 3400 rpm Maxi mum torque: 350
N 2400 rpm Adopt ed regul ation: 1997 Exhaust Gas Emi ssion -91 Regul ation
Vehi cl e weight: 1900 kg Transm ssion: 4-speed automatic transm ssion

Exhaust post-processing system oxidation catalyst (Calculation of life
cycle C2) Life Cycle CO2 was cal cul ated separately as the CO2 emtted as a
result of combustion of the gas oil conpositions in a vehicle equipped with
a di esel cpoperedn engbne mniduas rtdet €G2n gempratedmengmiroillulwelilcidryl ling to
punping to a vehicle fuel tank. The CO2 emtted by conbustion (hereinafter
referred ¢0 a% "dan&krgentheel sCA'l wasdcal cuhated wist abhe e ssieerts. per unit

calorific value of each gas oil conposition on the basis of 002 eni ssions,
driving fugl tnef fd keneihe andstial gepsidyr ywher o hel ahevel wehtel e hd est was
carried out. The CO2 generated fromoil-well drilling to punping to a

vehicle fyek %%%1&Bﬁ?ﬁ&ﬁ%&%ﬁr@%e%%%jpE%s%%EVQHvéﬁkfé%K‘%ﬁé) was

cal cul ated as the total

- content of the effective component is preferably within
the above-described range.

In order to further enhance the properties of the
gas oil 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<3fotheradditivesinclude
low temperature fluidity improvers such as ethylene-
vinyl acetate copolymers and alkenylsuccinic amides;
phenol- and amine-based anti-oxidants; metal
deactivators such as salicyliden derivatives;

‘anti—icing agents such as polyglycol ethers;
anti-corrosion agents such as aliphatic amines and
alkenyl succinic acid esters; anti-static additives
such as anionic, cationic, and amphoteric surface

: active agents; coloring agents such as azo dye; and

silicone-based defoaming agents.

The amounts of other additives may be arbitrarily
selected. However, the amount of each of other
additives is preferably 0.5 percent by mass or less and

more preferably 0.2 percent by mass or less, on the basis
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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
punmping to a vehicle's gas tank. For calculation of "Wll to Tank CO2",
the calculation was carried out in -92 consideration of the carbon dioxide
generated during the following (1B) to (5B) events. Data required for the
cal culation was the oil refinery operation perfornmance date possessed by the
inventors of the present invention. (1B) Carbon di oxi de em ssions
acconpanied with the use of fuel for various processing devices and
faciliti esf Shéh 3thdi Irss( 2H) Tarber b oRildel @i ssi ons acconpani ed with
reform ng reaction in a hydrogen producing device in a processing using
hydrogen (3B) Carbon di oxi de em ssions acconpanied with regeneration of a
catalyst if the processing is carried out through a device such as a

catal yticlefdekitng dévitdes [eaquirtt hgndonti nuous catal yst regeneration (4B)
Car bon di oxi de em ssions when a gas oil conposition was produced or shipped

at Yokohanm, Japad,gadebiverethpberefiombe Serdaire Japan.iransgnpumped into
a vehicle there (5B) Carbon di oxi de em ssions when an animal or vegetable

fét_ and a- SRBRANE §OLigi AL ERG Ahenel rfom < wene, obtaineds §r emiMval aysi a or
regi ons therearound, and a gas oil conposition was produced in Yokohans,

Japan produced from an animal or vegetable fat and a component

originating therefrom has excellent life cycle CO;
emission properties, fuel efficiency, oxidation
stability, less affective to parts properties, and

low-temperature startability.

[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 to 10 and Comparative Examples 1 to 6]

The vacuum gas oil and vegetable fats having the
properties set forth in Table 1 were reacted under the
reaction conditions set forth in Table 2 sc as to produce
environment friendly base gas oils 1 to 3 set forth in
Table 3 and environment friendly base gas oils 4 to 6
set forth in Table 4.

vThepropertiesoffattyacidalkylestersproduced

by esterifying the vegetable fats set forth in Table
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If an animal or vegetable fat and a conponent originating therefromis used
as fuel, a rule -93 established in Kyoto Protocol that the carbon dioxide
em ssions resulting fromconbustion of such fuel is not counted is applied.
This rule was thus applied to the above-described "Tank to Weel 02"
calculation. Tables 7 and 8 show the "Tank to Weel C02" and "Well to Tank
C02" em ssions as cal cul ated above as well as the total of these em ssions,
i.e., life cycle C02 emssions (LC). Each of the results is quantified by
conparing it with the results of Conparative Exanple 3 (hydrorefined oil 1)
and Conpar atieve lExanpt e Borthydnofeflned oi ITREse e rtegd ¢ §dod Lhyilch
Conparative Exanples are assuned 100. (Low tenperature startability 1)

Usi ng Vehd <t erk, atrlke mgash pill e sarposidmpos nefs thxadpkes) byt adncsatisf yi ng
the JIS No. 2 gas oil properties were subjected to a test for evaluating

their |ownenpegaitiielst ardabi viithh mreestarod1al | Anore sBeehasstsadyranonet er
capabl e of controlling the environnent tenperature, the test was carried

out at room-temeratding oy (He rbliashimg sashi fig) oty fiuel, r Syskem of a
test diesel vehicle with a fuel to be evaluated; (2) dralnlng out the

flashing fyiel o (3): g eohaclag,d peoal e 1§ Lt gk ld i oy anei, and (4 1 cedi ng

the fuel tank wth t uel e eval uat ed anmount “(1/ 2 of

the tank WP'”W%‘” gg@r%%%} V%PIC|%%peratuxfaof 70°C for one hour

in the presence of an alkyl catalyst (sodiummethylate).

The environment friendly base gas oils 1 to 3,
methyl-esterified products of the vegetable fats, and
hydrorefined 0il 1 which is a petroleum base o0il set
forth in Table 3 are blended to produce gas oil
compositions satisfying the JIS No. 2 gas oil standard
(Table 5).

The environment friendly base gas oils 4 to 6,
methyl-esterified products of the vegetable fats, and
hydrorefined o0il 2 which is a petroleum base o0il set
forth in Table 4 are blended to produce gas oil
compositions satisfying the JIS No. 3 gas o0il standard
(Table 6).

The following additives were used.

Lubricity Improver: a carboxylic acid mixture
containing linoleic acid as the main
component

Detergent: a reaction product of a carboxylic acid

mixture containing linoleic acid as
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The test was continued by (5) cooling rapidly the environment tenperature
fromroomtenperature to 5C;, (6) keeping the tenperature at 5C for one
hour; (7) <cooling gradually at a rate of 1C/h till reaching to the
predeterm ned tenperature (-7C); and (8) starting the engine after the
tenperature was kept at the predeterm ned tenperature for one hour. If the
engine did not start even after 10 second cranking was repeated tw ce at
an interval of 30 seconds, the fuel was evaluated as "poor". If the engine
started while 10 second cranking was repeated twice at an interval of 30
seconds, the fuel was eval G&tSed™as™ gl oAb B&pet attfe ¥ aPfability 2)
Using Vehicle 1, the gas oil conpositions of Exanples 6 to 10, satisfying
the JIS No. 3 da@volllelMipe bpéity esFweried sulj dtREOVE T t est for eval uating
their low tenperature startability. First of all, on a chassis dynanoneter
capabl e of controlling thearensthgdreen -vémer atded,atdectoastl vas carri ed
out at roomtenperature by (1) flashing (washing) the fuel systemof a
test diesel vehizbéew tthaaad uelaleobshoevaltuated] e(?) araini ng eutch he
flLashing fuel; (3) replacing the main filter with new one; and (4) feeding

the fuel sankhw tgnd heifiuelorgo be ravad siat ged it ree speesisfiiccy agouste 1/ 2 of
the tank volunme of the test vehicle). -95 The test was continued by (5)

cool i ng raphdhys ¢ he v%/&&@rﬂwta%em@r@;UEQan}?@qm;e%qrﬁsyre to 5C
(6) keeping the tenperature at 5C for one hour; (7)
content, oxygen content, distillation characteristics,
aromatic content, cetane number, cetane index, pour
point, plugging point, carbon residue content of the
10% distillation residue, ash content, water content,
insoluble content after an oxidation stability test,
peroxide number, total acid number, electrical
conductivity, and wear scar diameter, of each of the
gas oil compositions.

These properties were measured by the following
methods.

The density indicates that 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°cC)".

The kinematic viscosity indicates that measured

in accordance with JIS K 2283 "Crude petroleum and

petroleum products-Determination of kinematic

viscosity and calculation of viscosity index from
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cooling gradually at a rate of 1C h till reaching to the predeterm ned
tenperature (-18C); and (8) starting the engine after the tenperature was
kept at the predeterm ned tenperature for one hour. If the engine did not
start even after 10 second cranking was repeated twice at an interval of 30

seconds, the fuel was evaluated as "poor". If the engine started while 10
second cranking was repeated twce at an interval of 30 seconds, the fuel
was eval uated as "good". (Oxidation stability test) The fuels were

acceleratingly deterigrated at a tenperature of 95C under oxygen bubbling
for 16 hoftt&eMat hecdriddnediwtt'h- ASTM D2274-94. The color of the fuels were
observed before and after the test. |If the color was changed, the fuel was
eval uat ed as "pove"sulffus Heorbeart iasd hee tchanged, MAks fieM t s &/l uat ed
as "good". (Rubber swelling test) To confirmthe influence of the fuels to a
rubber pake wseldf for cOmpegsnwhE chnatéeparasief cah ehgi teyta hemafsod | owi ng

i mersion test was carried out. The rubber part used for evaluation was a
nitrile rabbehe( medipos 14960 m} t helaes v nbbed h @ant ardiamg- @cw ¥ EdnidTr3 [ whi ch
is one of the conpounds constituting the rubber, in an anbunt of 25

percent oz 5uaor e cangddSoper cendl pk tesseain theowhels - Debkarn i as ttiken bound
mass center value. The rubber part was imersed in each of the test fuels
heat ed angrkept] @t adenegrature of 100C, for 70 hours in accordance

The oxygen contént was measured by an elemental
analysis method.

The distillation characteristics are values
measured in accordance with JIS K 2254 "Petroleum
products-Determination of distillation
characteristics".

The aromatic content is the volume percentage
(volume %) of the aromatic component content measured
in accordance with JPI-585-49-97 " Petroleum Products
-Determination of Hydrocarbon Types -High Performance
Liguid Chromatography" prescribed in JPI Standard and
Manuals Testing Method for Petroleum Products
published by Japan Petroleum Inst.

by The water content is that defined by JIS K 2275
"Crude o0il and petroleum products-Determination of
water content”.

The flash point is the value measured in

accordance with JIS K 2265 "Crude 0il and petroleum

products-Determination of flash point".
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with ML R6855. The eval uati on was made by conparing and quantifying the
vol ume change in the test rubber part after 70 hours. |If the absol ute val ue
of the volune change percentage was 20 percent or greater, the part

stability was evaluated as "failure". If the absolute value was within the
range of 10 percent or greater and 20 percent or less, the part stability
was evaluated as "borderline". If the absolute value was 10 percent or

| ess, the part stability was evaluated as "pass". (Exanples 11 and 12, and
Conpar ative Exanples 7 and 8) Vegetable fat 1 having the properties set
forth in Tabl &% ofChari xedldi INWBrPpé&t riot ebReydrerérinfed 1 3 and
vegetable fat 1 mxed at a ratio of 80 : 20 were reacted under the reaction
condi ti o Gerdigrat vatimablé K0 390ads "tke prodicenenviobadent Frdendl y base
gas oils set forth in Table 11. The properties of a fatty acid al kyl ester
produced b estem tf y+ hg ttchen Vegetiabh eoffatn set rfadri hedn nu@@eTdbl e 9 are al so
set forth in Table 11. The fatty acid alkyl ester is a nethyl ester

conpound produged byetmeact i ndehei yegetabl elfuad abhtle uied hadolin An ester
exchange reaction was used wherein an ester conpound is produced by

reacting ddeovegeiadlei tat "di recdd yawet bhumbe 2l ki Alcahalon siéfhbry at a
tenperature of 70C for one hour in the presence of an al kyl catalyst(sodium
net hyl at €)s i The vefwi L 8ArENtc fhigndl ¥ "base 9838 19jd$. in JIs K 2280
"Petroleum products-Fuels-Determination of octane
number, cetane number and calculation of cetane number".
The cetane index defined by the JIS standards 1s not
generally applied to gas 0il containing a cetane number
improver. However, in the present invention, "8.4
cetane number calculation method using variables
equation" is applied to a gas o0il containing a cetane
number improver, and the value obtained thereby is also
defined as cetane index.
The cetane number denotes that measured in

accordance with "7. Cetane number test method”

prescribed in JIS K 2280 "Petroleum

products—-Fuels-Determination of octane number, cetane

a

. number and calculation of cetane index".

The HFRR wear scar diameter (WS1.4) denotes
lubricity measured in accordance with JPI-5S-50-98
"Gas 0il -Testing Method for Lubricity"” prescribed in
JPI Standard and Manuals Testing Method for Petroleum

Products published by Japan Petroleum Inst.
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met hyl -esterified product of the vegetable fat, and hydrorefined oil which
is a petroleum base oil set forth in Table 11 are bl ended to produce gas
oi |l conpositions (Exanples 11 and 12, and Conparative Exanples 7 and 8)

As apparent from Table 12, in Exanples 11 and 12 wherein the environnment
friendly base gas oil and a mxture thereof with the hydrorefined oil were
used and blended in anobunts within the range defined by the present

i nvention, these exanpl es ensure the easy production of the gas oi

conposi tions, whose 90% distillation tenperature was 360 or |ower, total
aromati ¢ cont eAtanvasl 159t g e It vonghieC dk | 2t BeEadier eAdeX was 45 or
greater, sulfur content was 5 ppm by mass or |ess, oxygen content was 1
percent lyccomdangre [essh tI1gl fcéridk tontsermti Wadeld dmperdenenbyf mass or
| ess, acid nunber was 0.13 ngKOH g or less, acid -98 nunber increase after
an oxi datdcondstahidetyptiesigiag foil2tigKOH g or | ess, and singl e napht hene
content was 10 percent by volune or nore. Wereas, in Conparative Exanples

7 and 8 wherei mhgap it pROMPOSd & h RS Ve t Picdsiced i hheut dusd ag clche
specific environnment friendly base gas oils, the conpositions intended by

the presentthnNYesty op @b e NOL tNeLLIRA hby poedueed: phextt yR8iQuUsulests were
carried out using each of the gas oil conpositions of Exanples 11 and 12,

and Comparative ixammles Jiand 8 ALL.GN 1P testaresuts are set forth in

Table 13. 1t I's apparent fromthe results set forth in Table 13 that the
gas oi | The carbon residue content of the 10% distillation

residue denotes that measured in accordance with JIS
K 2270 "Crude petroleum and petroleum
products-Determination of carbon residue".

The ash content denotes the value measured in
accordance with JIS K 2272 "Testing Methods for Ash and
Sulfated Ash of Crude 0il and Petroleum Products".

The insoluble content after an oxidation
stability test denote the value measured at a
temperature of 95°C under oxygen bubbling for 16 hours
in accordance with ASTM D2274-94.

The peroxide number denotes the value measured in
accordance with JPI-5S5-46-96 prescribed in JPI

s Standard and Manuals Testing Method for Petroleum
Products published by Japan Petroleum Inst.

The electrical conductivity denotes the value
measured in accordance with JIS K 2276 "Petroleum
products-Testing methods for aviation fuels".

As apparent from Table 5, in Examples 1 to 5
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conpositions of Exanples 7 and 8 were less in life cycle carbon dioxide

em ssions, and excellent in fuel efficiency, exhaust gas properties, and
oxidation stability, conpared with the gas oil conpositions of Conparative
Exanpl es 7 and B. (Vehicle exhaust gas test, Fuel efficiency test) The fuel
efficiency was neasured using a vehicle equipped with a diesel-powered
engine (Vehicle 1) . The test was carried out under the transient driving
node simulating actual running, shown in Fig. 1. Wth regard to fuel
efficiency, the volune flow of the fuel consuned during the test npde was
fuel - t enpekaterier tbepatsat s@ramin Ehdrr condént diaee wed ghel lEacanef the -99
results was then quantified by conparing it with the result of the fuel of
Conpar at imvexExarngps et e nehd Ehw irtds Ut h eway cassurdd 0. ofExanpresuk3xdo 15,
and Conparative Exanples 9 to 11) Vegetable fat 1 having the properties set
forth inaddbbéehdsdal m xedwitsobipétiolteum hydger efd hiedeal by 3 rend
vegetable fat 1 mxed at a ratio of 80 : 20 were reacted under the reaction

condi tionsrseterftorihvent lahl et h4 @ As1tae nRy egeo envebaipeat thirdrendl y base
gas oils set forth in Table 15. The properties of a fatty acid al kyl ester

produced byrestrerifying &%yfgéh@b{@sf@he%lﬁ%ﬁe 501 flabl €ofangt al so set
forth in Table 15. The fatty acid alkyl ester is a nethyl ester conpound

pi.oduced by sreactipg the vegetahlesfat, it methanol. Anester s 1

percent by mass or less. Furthermore, Examples 1 to
5 ensure the easy pﬁoduction of o0il compositions
satisfying the JIS No. 2 gas oil properties. Whereas,
in Comparative Examples 1 to 4 wherein the gas oil
compositions were produced without using the specific
environment friendly base gas oils, the compositions
intended by the present invention are not necessarily
produced.

As apparent from Table 6, in Examples 6 to 10
wherein the environment friendly base gas oils and
mixtures thereof with the hydrorefined o0il were used
and blended in amounts within the range defined by the
present invention, the resulting gas oil compositions

S satisfied the requirements wherein the sulfur content
is 5 ppm by mass or less and the oxygen content is 1
percent by mass or less. Furthermore, Examples 6 to
10 ensure the easy production of o0il compositions for
cold district use satisfying the JIS No. 3 gas oil

properties. Whereas, in Comparative Examples 1, 2, 5
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exchange reaction was used wherein an ester conpound is produced by
reacting the vegetable fat directly with an alkyl alcohol, stirring at a
tenperature of 70C for one hour in the presence of an al kyl catal yst(sodi um
nmet hyl ate). The environnent friendly base gas oils, nethyl-esterified
product of the vegetable fat, and hydrorefined oil which is a petrol eum
base oil set forth in Table 15 are bl ended to produce gas oil conpositions
(Exanples 13 to 15, and Conparative Exanples 9 to 11) -100 The
above-described lubricity inprover, detergent, and |ow tenperature fluidity
i nprover #kfle® ydRIrad raddi i 9&s. orabl 60T ShoRE Ahe BRER] RBPFE 99 each of
the gas oil conpositions, and the density at 15C, kinematic viscosity at
30C, flashipbiont salifuy tchat eptecokygernconramsnti Srildradignbase
characteristics, aromatic content, cetane nunber, cetane index, pour point,
pl uggi ng paknto,i kay bamea esbdpe contiemts of otrhes d D& ddisst t i kat iwwer esi due, ash
content, water content, insoluble content after an oxidation stability
test, isopaeafdéq/pypahaf fore §a@hito,i pes0xiide nunder o tt aledd e s aaird Inwnber,
total acid nunber increase after an acceleration test, electrical

conducti vptyqegwear scar diameter, of each of the gas oil conpositions.
As apparent from Table 16, in Exanples 13 to 15 wherein the environnent

fiiend y base gageoibaRtfhg WXt uEe d heraol i th the hudy aref inad,gi | vere

used and

the gas o0il compositions of Examples 1 to 10 and
Comparative Examples 1 to 6. All of the test results
are set forth in Tables 7 and 8. It is apparent from
the results set forth in Table 7 that the gas oil
compositions of Examples 1 to 5 were less in life cycle
carbon dioxide emissions, excellent in fuel efficiency,
low temperature startability, and oxidation stability,
and gave less adverse affect to the parts, compared with
the gas o0il compositions of Comparative Examples 1 to
4. It is also apparent from the results set forth in
Table 8 that the gas o0il compositions of Examples 6 to
10 were less in life cycle carbon dioxide emissions,
excellent in low temperature startability and

. oxidation stability, and gave less adverse affect to
the parts, compared with the gas o0il compositions of
Comparative Examples 1, 2, 5 and 6.

The tests using a vehicle was carried out in

accordance with Exhibit 27 "10/15 Mode Exhaust

Emissions Test procedure for Diesel-Powered Motor
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bl ended in ambunts within the range defined by the present invention, these
exanpl es ensure the easy production of the gas oil conpositions, whose

sul fur content was 5 ppm by nmass or |ess, oxygen content was 1 percent by
mass or less, 90%distillation tenperature was 360 or |ower, total aromatic
content was 15 percent by volume or |ess, cetane index was 45 or greater,
-101 triglyceride content was 0.01 percent by nmass or |less, acid nunber was
0.13 ngKOH g or less, acid nunber increase after an oxidation stability
test was 0.12 ngKOH g or less, cold filter plugging point (CFPP) was -5C
or | ower VEIbLE L& nt1LPP)T U5 fi00 2 66 LYoty | SaftE e i 865 aF £in/ n-paraffin
ratio in the paraffin content was 0.80 or greater. \Wereas, in Conparative
Exanpl es I35 t ot ut anher diut gagbdille cbypesiApphe ek eT pisddutednd@t &dut usi ng
the specific environnent friendly base gas oils, the conpositions intended
by the prseseat viissaxnbiyoM iam esnaty nefedsard ) y Ipriodasecd.udext e ,vaandus tests
were carried out using each of the gas oil conpositions of Exanples 13 to
15, and TGowpapatditveskyanpl es 9 to 11. Al of the test results are set
forth in Table 17. It 1s apparent fromthe results set forth in Table 17
that the gase @i Ip conposintd Pngeaf \Exanples 13 to 15 were less in life cycle
carbon di oxi de em ssions, ‘and excellent in low tenperature startability and

oxi dati on stabirhjd ysycgomas ed; Wi dy, the 9as ok sCOTROSLLihgRs ©f ; Gpapar at i ve
Exanples 9 to 11
satisfying the JIS No. 2 gas 0il properties was measured
using the following automobile equipped with a diesel
powered engine (Vehicle 1). The test was carried out
under the transient driving mode simulating actual
running, shown in Fig. 1. With regard to fuel
efficiency, the volume flow of the fuel consumed during
the test mode was fuel-temperature compensated and then
converted to weight} Fach of the results was then
guantified by comparing it with the result of
Comparative Example 3 (hydrorefined oil 1), which
result was assumed 100.
(Vehicle Specifications): Vehicle 1
Type of engine: in-line 4 cylinder diesel engine
. with an intercooled supercharger
Displacement: 3 L
Compression ratio: 18.5
Maximum power: 125 kW/3400 rpm

Maximum torque: 350 Nm/2400 rpm

Adopted regulation: 1997 Exhaust Gas Emission
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-102 Table 1 Vacuum Gas O | Vegetable Fat 1 Vegetable Fat 2 Density (150
kg/ n8 919 Kinematic Viscosity (100C) mmR/s 6.2 %P 57 %N 23 n-d-m %CA 18
RN1 RA1 Cnass%85 H mass% 11 Nitorogen Content nmass ppm 670 Sul fer

Content mass% 2.3 <1 <1 Average Mol ecul ar Weight 335 - - Conponent of 360C
or higher mass% 83.0 - - Total Acid Nunmber ngKOH g - 0.07 0.05 Butyric Acid
Goup - 00 --- ... ... ... .. =feeeeeeeees meeee meeeeeeeeo-s me--eo-----

Fatty Acid G olpmnsmEastsyop:- 4~-speed automatic-transmission------- .
Mristic Acid Gou - 10
Exhaust 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 CO, generated from
cil-well drilling to pumping to a vehicle fuel tank.

The CO; emitted by combustion (hereinafter
referred to as “Tank to Wheel CO0,” was calculated as
the emissions per unit calorific value of each gas o1l
composition on the basis of CO, emissions, driving fuel
efficiency, and fuel density when the above vehicle
test was carried out.

The CO, generated from oil-well drilling to
pumping to a vehicle fuel tank (hereinafter referred
to as “Well to Tank CO,”) was calculated as the total
CO; emissions during a sequence starting from the
drilliﬁg of material and crude o0il resources, through
transportation, processing, and delivery, to pumping
tc a vehicle’s gas tank. For calculation of “Well to

Tank CO0,”, the calculation was carried out in
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R e T e I T e e . Linolenic Acid
Goup - 09 Table 2 Fi rst Stage Ni/ MO alumna HDO Catal yst Second Stage
Ni / W zeoldares { €6maal hPhg odl uni Aaf a iy ok eddiatyl Fenpere Lig & 4001 \©r 1 Rgdr ogen
Partial Pressure 11 MPa LHSV h' 0.7 Hydrogen/QO | Ratio NL1L 510 -103 4) 1
cli Ww dMerfdNlOowihg0(d®), -tN [5B)LeMentNsM DatGalrequited for n - |11
dcol1lr O
the calculation was the o0il refinery operation
performance date possessed by the inventors of the
present invention.
' (1B) Carbondioxide 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
(4B) Carbon dioxide emissions when a gas oil
compbsitionvunsproducedor‘shippedat‘Yokohama, Japan,
delivered therefrom to Sendai, Japan, and pumped into
a vehicle there
S (5B) Carbon dioxide emissions when an animal or
vegetable fat and a component 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
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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 CO,” calculation.

Tables 7 and 8 show the “Tank to Wheel CO,” and
“Well to Tank CO,” 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
3 (hydrorefined o0il 1) and Comparative Example 5
(hydrorefined oil 2), the results of which Comparative
Examples are assumed 100.

(Low temperature startability 1)

Using Vehicle 1, the gas o0il compositions of
Examples 1 to 5, satisfying the JIS No. 2 gas oil
properties were subjected to a test for evaluating
their low temperature startability. First of all, on
a chassis dynamometer capable of controlling the
environment temperature, the test was carried out at
room temperature by (1) flashing (washing) the fuel
system of a test diesel vehicle with a fuel to be
evaluated; (2) draining out the flashing fuel; (3)
replacing the main filter with new one; and (4) feeding
the fuel tank with the fuel to be evaluated in a specific

amount (1/2 of the tank volume of the test vehicle).
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The test was continued by (5) cooling rapidly the
environment temperature from room temperature to 5°C;
(6) keeping the temperature at 5°C for one hour; (7)
cooling gradually at a rate of 1°C/h till reaching to
the predetermined temperature (-7°C); and (8) starting
. the engine after the temperature was kept at the
predetermined temperature for one hour. If the engine
did not start even after 10 second cranking was repeated
twice at an interval of 30 seconds, the fuel was
evaluated as “poor”. 1If the engine started while 10
second cranking was repeated twice at an interval of
30 seconds, the fuel was evaluated as “good”.
(Low temperature startability 2)

Using Vehicle 1, the gas o0il compositions of
Examples 6 to 10, satisfying the JIS No. 3 gas oil
properties were subjected to a test for evaluating
their low temperature startability. First of all, on
a chassis dynamometer capable of controlling the
environment temperature, the test was carried out at
room temperature by (1) flashing (washing) the fuel
system of a test diesel wvehicle with a fuel to be
evaluated; (2) draining out the flashing fuel; (3)
replacing the main filter with new one; and (4) feeding
the fuel tank with the fuel to be evaluated in a specific

amount (1/2 of the tank volume of the test vehicle).
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The test was continued by (5) cooling rapidly the
environment temperature from room temperature to 5°C;
(6) keeping the temperature at 5°C for one hour; (7)
cooling gradually at a rate of 1°C/h till reaching to
the predetermined temperature (-18°C); and (8)
starting the engine after the temperature was kept at
the predetermined temperature for one hour. If the
engine did not start even after 10 second cranking was
repeated twice at an interval of 30 seconds, the fuel
was evaluated as “poor”. 1If the engine started while
10 second cranking was repeated twice at an interval
of 30 seconds, the fuel was evaluated as “good”.
(Oxidation stability test)

The fuels were acceleratingly deteriorated at a
temperature of 95°C under oxygen bubbling for 16 hours
in accordance with ASTM D2274-94. The color of the
fuels were observed before and after the test. If the
color was changed, the fuel was evaluated as “poor”.
If the color was not changed, the fuel was evaluated
as “good”.

(Rubber swelling test)

To confirm the influence of the fuels to a rubber
part used for O-rings which are parts of an engine, the
following immersion test was carried out. The rubber

part used for evaluation was a nitrile rubber (medium
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nitrile rubber) containing acrylonitrile which is one
of the compounds constituting the rubber, in an amount
of 25 percent or more and 35 percent or less of the whole
rubber, as the bound mass center value. The rubber part
was immersed in each of the test fuels heated and kept
at a temperature of 100°C, for 70 hours in accordance
with MIL R6855. The evaluation was made by comparing
and quantifying the volume change in the test rubber
part after 70 hours. If the absolute value of the
volume change percentage was 20 percent or greater,
the part stability was evaluated as “failure”. If the
absolute value was within the range of 10 percent or
greater and +20 percent or less, the part stability was
evaluated as “borderline”. If the absolute value was
t10 percent or less, the part stability was evaluated
as “pass”.
(Examples 11 and 12, and Comparative Examples 7 and 8)

Vegetable fat 1 having the properties set forth
in Table 9 or a mixed oil of petroleum hydrorefined oil
3 and vegetable fat 1 mixed at a ratio of 80 : 20 were
reacted under the reaction conditions set forth in
Table 10 so as to produce environment friendly base gas
oils set forth in Table 11.

The properties of a fatty acid alkyl ester

produced by esterifying the vegetable fat set forth in
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Table 9 are also set forth in Table 11. The fatty acid
alkyl ester is a methyl ester compound produced by
reacting the vegetable fat with methanol. An ester
exchange reaction was used wherein an ester compound
is produced by reacting the vegetable 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 environment friendly base gas oils,
methyl-esterified product of the vegetable fat, and
hydrorefinedoilwhichjisapetroleumbaseﬁﬁj_setforth
in Table 11 are blended to produce gas oil compositions
(Examples 11 and 12, and Comparative Examples 7 and 8) .

As apparent from Table 12, in Examples 11 and 12
wherein the environment friendly base gas o0il and a
mixture thereof with the hydrorefined oil were used and
blended in amounts within the range defined by the
present invention, these examples ensure the easy
production of the gas o0il compositions, whose 90%

h distillation temperature was 360° or lower, total
aromatic content was 15 percent by volume or less,
cetane index was 45 or greater, sulfur content was 5
ppm by mass or less, oxygen content was 1 percent by
mass or less, triglyceride content was 0.0l percent by

mass or less, acid number was 0.13 mgKOH/g or less, acid
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number increase after an oxidation stability test was

0.12 mgKOH/g or less, and single naphthene content was
10 percent by volume or more. Whereas, in Comparative
Examples 7 and 8 wherein gas o0il compositions were
produced without using the specific environment
friendly base gas oils, the compositions intended by
the present invention are not necessarily produced.
Next, various tests were carried out using each
of the gas 01l compositions of Examples 11 and 12, and
Comparative Examples 7 and 8. All of the test results
are set forth in Table 13. It is apparent from the
results set forth in Table 13 that the gas oil
compositions of Examples 7 and 8 were less in life cycle
carbon dioxide emissions, and excellent in fuel
efficiency, exhaust gas properties, and oxidation
stability, compared with the gas o0il compositions of
Comparative Examples 7 and 8.
(Vehicle exhaust gas test, Fuel efficiency test)
The fuel efficiency was measured using a vehicle
. equippedwith a diesel-powered engine (Vehicle 1). The
test was carried out under the transient driving mode
simulating actual running, shown in Fig. 1. With
regard to fuel efficiency, the volume flow of the fuel
consumed during the test mode was fuel-temperature

compensated and then converted to weight. Each of the
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results was then quantified by comparing it with the
result of the fuel of Comparative Example 7, which
result was assumed 100.

(Examples 13 to 15, and Comparative Examples 9 to 11)

Vegetable fat 1 having the properties set forth
in Table 9 or a mixed o0il of petroleum hydrorefined oil
3 and vegetable fat 1 mixed at a ratio of 80 : 20 were
reacted under the reaction conditions set forth in
Table 14 so as to produce environment friendly base gas
0ils set forth in Table 15.

The properties of a fatty acid alkyl ester
produced by esterifying the vegetable fat set forth in
Table 9 are also set forth in Table 15. The fatty acid
alkyl ester is a methyl ester compound produced by
reacting the vegetable fat with methanol. An ester
exchange reaction was used wherein an ester compound
is produced by reacting the vegetable 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 environment friendly base gas oils,
methyl-esterified product of the vegetable fat, and
hydrorefined oil which is a petroleumbase oil set forth
in Table 15 are blended to produce gas oil compositions

(Examples 13 to 15, and Comparative Examples 9 to 11).
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pNO-O N used as additives.

Table 16 shows the blend ratio in each of the gas
0il compositions, and the density at 15°C, kinematic
viscosity at 30°C, flash point, sulfur content, oxygen
content, distillation characteristics, aromatic
content, cetane number, cetane index, pour point,
plugging point, carbon residue content of the 10%
distillation residue, ash content, water content,
insoluble content after an oxidation stability test,
isoparaffin/n-paraffin ratio, peroxide number, total
acid number, total acid number increase after an
acceleration test, electrical conductivity, and wear
scar diameter, of each of the gas o0il compositions.

As apparent from Table 16, in Examples 13 to 15
wherein the enviroﬁment friendly base gas oil and a
mixture thereof with the hydrorefined oil were used and
blended in amounts within the range defined by the

z present invention, these examples ensure the easy
production of the gas oil compositions, whose sulfur
content was 5 ppm by mass or less, oxygen content was
1 percent by mass or less, 90% distillation temperature
was 360° or lower, total arcmatic content was 15 percent

by volume or less, cetane index was 45 or greater,
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acid number was 0.13 mgKOH/g or less, acid number
increase after an oxidation stability test was 0.12
mgKOH/g or less, cold filter plugging point (CFPP) was
-5°C or lower, pour point (PP) was -10 °C or lower, and
isoparaffin/n-paraffin ratio in the paraffin content
was 0.80 or greater. Whereas, in Comparative Examples
9 to 11 wherein gas o0il compositions were produced
without using the specific environment friendly base
gas oils, the compositions intended by the present
invention are not necessarily produced.

Next, various tests were carried out using each
of the gas 0il compositions of Examples 13 to 15, and
Comparative Examples 9 to 11. All of the test results
are set forth in Table 17. It is apparent from the
results set forth in Table 17 that the gas oil
compositions of Examples 13 to 15 were less inlife cycle
carbon dioxide emissions, and excellent in low
temperature startability and oxidation stability,

s compared with the gas 0il compositions of Comparative

Examples 9 to 11.
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Density (15°C)  ° kg/m® 919 -
Kinematic Viscosity (100°C) mm?/s 6.2
%CP 57
%CN 23
n~d-m %CA 18
RN 1
. RA 1
C  mass% 85
"H  massh 1
Nitorogen Gontent mass ppm 670
Sulfer Content mass% 23 <1 <1
Average Molecular Weight 335 - -
Component of 360°C or higher mass% 83.0 - -
Total Acid Number mgKOH/g - 0.07 0.05
Butyric Acid Group - 0 0
Caproic Acid Growp | - | o | o
| Gaprylic Acid Growp | - | o | o
[ Gapric Acid Growp | - | o | o
Percentage of [ Lauric Acid Growp | - | o | o
Fatty Acid Groups in Fat - ["errmorslvveemmnorn| oo N I
massh [ Pamitic Acid Growp | - | . P7ER R
[ Stearic Acid Group | -~ | 5 |3
[ Oleic Acid Group | = | 9 | 12
| Linoleic Acid Growp |~ | o | 8
Linolenic Acid Group | - | o | 9 T
. Table 2
- First Stage Ni/MO-alumina

HDO Catalyst

Second Stage

Ni/W-zeolite (containing alumina)

Processing Temperature
[o}

C 400

Hydrogen Partial Pressure »
MPa

LHSV h' 0.7

Hydrogen/Qil Ratio NL/L 510
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Petroleum
Vegetable Fat 1 Hydrorefined
0il 3
Density (15°C) kg/m - 850
Kinematic Viscosity (30°C) mm?/s - 5.7
C massh - 85
H  massh - 15
. Nitorogen Content mass ppm - 15
. Sulfer Content mass% <1 10.0
- Total Acid Number mgKOH/g 0.07 -
Butyric Acid Group 0 -
" Gaproic Acid Group | o | ST
" Gaprylic Acid Group | o | -
" Gapric Acid Growp | o | -
Percentage of Fatty Acid | Lauric Acid Group | o | - 7
Group i Fat T A
massk " Palmitic Acid Group | YO
| Stearic Acid Group | . s | -
" Oleic Acid Group | 3 |-
| Linlic pcidGrowp | o 1o
Linolenic Acid Group 0 -
Table 10
iy Hydrogenation Catalyst Pt/Pd-silica/alimina

Processing Temperature °C 250
Hydrogen Partial Pressure MPa 5.5
LHSV h™! 0.8
Hydrogen/0il Ratio NL/L 600
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Exanpl ep—cerpar-tit-e——ceript-es— SR o—vheel 54.5
69.0 78}1 66.6 gCO2/ M Rel ative ie 99 98
100 102| Exhaus Gas (THC) 95 97 po6—102 .ood good
poor Thble 14 Hydrotreating Catpl ysti Pt/ ng
Tenper a -a—PF-e55 BB Qe S 0
Hydroge1/&3l Ratén(_g' 60Welltol\NReeE1 3 CsiNsO N CIQQ.OO () Omn md, ®:+6 d|O 0 co
LO LJ_) 08/ J M \I \I F .
g Relative Value 70 88 100 85
Fuel Efficiency 99 08 100 102
- Exhaus Gas (THC) 95 97 100 102
- | Oxidation Stability good ‘good good poor
Table 14
Hydrotreating Gatalyst Pt/Pd-silica/alimina
Processing Temperature °C 310
Hydrogen Partial Pressure MPa 5.0
LHSV h™ 0.7
Hydrogen/Qil Ratio 600
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CO, Emissions Well to Wheel 33.7 46.4 68.3 781 20.5 66.6

BCO/MI  pelative Value] 43 | 5o | &7 | 100 | 26 | 85
Low Temperature o
Startability 7C good good good poor poor poor
Oxidation Stability good good good good poor poor
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[Brief Description of the Drawing]
Fig. 1 shows transient driving mode simulating
actual running in the vehicle exhaust gas test and fuel

efficiency test.

[Applicability in the Industry]

According to the present invention, there 1is
provided a gas 01l composition which is excellent in
life cycle CO2 emission properties, fuel efficiency,
oxidation stability, less affective to parts

properties, and low temperature startability.
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10 11 (02 Emissions Wll to Weel 33.7 46.4 68.3 78.1 20.5 66.6 gCO2/ M
Rel ative Value 43 59 87 100 26 85 [(dw Tefiperature _7C good good good poor

poor

-115 [Brief Description of the Drawing] Fig. 1 shows transient driving node

poor

Startability Oxidation Stability good good good good poor

simul ati ng

1. A gas o0il composition comprising a base gas
0il produced by contacting an animal or vegetable fat
and/or a component originating therefrom, with a
hydrotreating catalyst containing at least cne or more
metals selected from the group consisting of the Groups
6A and 8 metals of the periodic table and an inorganic
oxide with acidic properties, under hydrogen pressure,
the sulfur and oxygen contents of the gas oil
composition being 5 ppm by mass or less and 1 percent
by mass or less, respectively.

2. A gas 0il composition comprising a base gas
0il produced by contacting a mixed oil of an animal or
vegetable fat and/or a component originating therefrom
and a petroleum base 0il produced by refining crude 0il,
with a hydrotreating catalyst containing at least one
or more metals selected from the group consisting of
the Groups 6A and 8 metals of the periodic table and
an inorganic oxide with acidic properties under
hydrogen pressure, the sulfur and oxygen contents of
the gas 0il composition being 5 ppm by mass or less and
1 percent by mass or less, respectively.

3. The gas o0il composition according to claim 1

or 2 wherein the 0il composition comprises a base gas
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actual running in the vehicle exhaust gas test and fuel efficiency test.
[Applicability in the Industry] According to the present invention, there is

provi ded a gas oil conposition which is excellent in life cycle C02
em ssion properties, fuel efficiency, oxidation stability, |ess affective
to parts properties, and |l ow tenperature startability. -116 Cains 1. A

gas oil conposition conprising a base gas oil produced by contacting an

ani mal or vegetable fat and/or a conponent originating therefrom wth a
hydrotreating catalyst containing at _|east one or nore netals selected from
the group®dondtistFAgWartt e &¥ 8dps € BARGTH B hef &0 GTTERE 9er odiFc@t abl e
and an inorganic oxide with acidic properties, under hydrogen pressure,

t he sul quagrioo dx§géh Eenténhtee bE ehfe Rjasy ®f LM onpusi &P onObBiedd & bpm by
mass or less and 1 percent by mass or |ess, respectively. 2. A gas oi
conposi ti by ¢oApmisi riha ase gas o blIbpioduped bycednvactdngas i xed oi | of
an ani mal or vegetable fat and/or a conponent originating therefrom and a
petrol eunebasen bink lpraxduced dtyabéki Miag emutleo oi kb, cawmpbnzehydr ot reati ng
catal yst containing at |east one or nore netals selected fromthe group
consi stingrdfgithe i@Pups et BNEm§ netahs aofcdbe 1padt odbamdbsenand an

i norgani c oxide with acidic properties under hydrogen pressure, the sulfur
and oxygepoa\i 8MSo@yanic oxide containing two or more elements

selected from the group consisting of aluminum, silicon,
zirconium, boron, titanium, and magnesium and at least
one or more metals selected from the group consisting
of the Group 8 metals of the periodic table supported
thereon, under the 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 380°C, and
the gas 0il composition having the following
properties:

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 5 ppm by mass or less;

an oxygen content of 1 percent by mass or less;

a triglyceride content of 0.01 percent by mass or

less;
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the gas oil conposition being 5 ppmby nass or less and 1 percent by nmass
or less, respectively. 3. The gas oil conposition according to claiml1 or 2
wherein the oil conposition conprises a base gas -117 oil mxed with a
hydrorefined oil fromcrude oil at a ratio of 30 to 50 percent by volune :
50 to 70 percent by volune, the base gas oil being produced by contacting
an ani mal or vegetable fat and/or a conponent originating therefrom with a
catal yst conprising a porous inorganic oxide containing two or nore

el enents selected fromthe group consistingﬂgf aluninfn1 silicon,

zirconi um bor o EiCtihi BRI R Rbgriest anf@nitP Rl 91 &ist 1e6F¢ or more netal s
selected fromthe group consisting of the Goup 8 netals of the periodic
tabl e supportednt R&reona Sendet BRE tondlMPicchsa Whéere ¥ Re ORididFeR D pressure
is from2 to 13 MPa, the liquid hourly space velocity is from0.1 to 3.0
h-1, the hydrogehibill ¥ayi 6eds Pfo 150 M@ KBOOINIY L, 1asd it hendeact i on
tenperature is from 150 to 380C, and the gas oil conposition having the
following propersiegla O90#gdnstditatnen denpendt wrie o) B60Ceort [bver; a
total aromatic content of 15 percent by volunme or |less; a cetane index of
45 or greater; @osSuhfdiroeonterd .of 5 ppm by nmass or | ess; an oxygen content
of 1 percent by mass or less; a triglyceride content of 0.01 percent by
mass or 4. The gas 0il composition according to claim 1

or 2 wherein the gas o0il composition comprises a base

gas 0il mixed with a hydrorefined oil from crude oil

at aratioof 30 to 50 percent by volume : 50 to 70 percent

by volume, the base gas 0il being produced by contacting

a mixed oil 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 o0il with a sulfur content of 15 ppm by mass or less,

produced by refining crude o0il, with a catalyst

comprising a porous inorganic oxide containing two or

more elements selected from the group consisting of

aluminum, silicon, zirconium, boron, titanium, and

magnesium and at least one or more metals selected from
R the group consisting of the Group 8 metals of the

periodic table supported thereon, under the conditions

where the hydrogen pressure is from 2 to 13 MPa, the

liquid hourly space velocity is from 0.1 to 3.0 h7*,

the hydrogen/oil ratio is from 150 to 1500 NL/L, and

the reaction temperature is from 150 to 380°C, the gas
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| ess;
nunber

-118 an acid nunber of 0.13 ngKOH/ g or less; an increase in acid
after an oxidation stability test of 0.12 ngKOH g or less; and a

single ring napht hene content of 10 percent by volunme or nore. 4. The gas
oi
conprises a base gas oil mxed with a hydrorefined oil from crude oi
ratio of 30 to 50 percent by volune : 50 to 70 percent by volune, the base

gas oil

bei ng produced by contacting a mxed oil of 10 to 90 percent by

volunme of an animal or vegetable fat and/or a conponent originating

t her ef r onPand 99™MPE St b@@cé?ﬁvwgvotr e f6¥L BOPEtrDI RERP Pk e 6itl

with a

conposition according to claiml1 or 2 wherein the gas oil conposition

at a

sul fur content of 15 ppm by nass or |ess, produced by reflnlng crude oi
with a catal ysta %6Wp¢1|l§|trﬂglhaiﬁdirQﬂJst¢Iﬁ©ﬁq&rﬁ1€r@x©§e3é@nt%0{ﬁ AP TS 7 or
el enments selected fromthe group consisting of alumnum silicon,

zirconi um boroa,tmu%Miwnpmmﬁﬁcnagn@ﬁnﬂnaﬁdlétma%§en©n®y0NQﬁwEenetals
selected from the group consisting of the Goup 8 netals of the periodic

t abl e supportedotrthére®sn,; under the conditions

m)re

where the hydrogen pressure

isfrom2 to 13 MPa, the Iliquid hourly space velocity is fromO0.1 to 3.0
-1,

h
t
f

the hydrogenr/idneatirpdég foom 45@ 1t oy 450@ W/ L, and
enperature is from 150 to 380C, the gas -119 oil conposition having the
ol | owi ng propeptifSl fur content of 5 ppm by mass or less;

an oxygen content of 1 percent by mass or less;

a triglyceride content of 0.01 percent by mass or

less;

an acid number of 0.13 mgKOH/g or less;

an increase in acid number after an oxidation

stability test of 0.12 mgKOH/g or less; and

a single ring naphthene content of 10 percent by

volume or more.

5. A gas 01l composition according to claim 1 or
2 wherein the o0il composition comprises a base gas oil
with an isoparaffin/n-paraffinratioof 0.2 or greater,
mixed with a hydrorefined oil from crude oil at a ratio
of 30 to 50 percent by volume : 50 to 70 percent by volume,
the base gas 0il being produced by contacting an animal
or vegetable fat and/or a component originating
therefrom, with a catalyst comprising a support
containing a crystalline molecular sieve and one or
more metals selected from the group consisting of the

Groups 6A and 8 metals of the periodic table supported
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a 90% distillation tenperature of 360C or lower; a total aromatic content
of 15 percent by volune or less; a cetane index of 45 or greater; a sulfur
content of 5 ppm by mass or |ess; an oxygen content of 1 percent by mass or
|l ess; a triglyceride content of 0.01 percent by mass or |ess; an acid
nunber of 0.13 ngKOH g or less; an increase in acid nunber after an
oxidation stability test of 0.12 ngKOH/ g or less; and a single ring

napht hene content of 10 percent by volune or nore. 5. A gas oil conposition
according oclaiml or he, oi | conp osi tion rlses a base gas
o1 " Wi t RERE HS3Bar AT R P af PRE ot BB S0 0 ﬁeort@?eﬁtygf SRPxed with a
hydrorefined oil from crude 0|I at a ratio of 30 tq 50 percent by volune :
50 to 70 P&ScERErBy hrolimem 2t ke Hasd!Bas &ihe b]ejrﬁﬁl;ﬁjr Jh‘ﬁcééiybf%%ﬁ?acti ng

an animal or vegetable fat and/or a conponent originatin therefrom wth
a catal ysVedonpitsi h§ Arsubport teoht &i hi hg B eryEdaag e/ rélledid tat Osi eve
and one or nore netals selected fromthe group consisting of the G oups 6A

and 8 net alss fafor HeS et PodbO &t A} £L suppor téxe -ridctherredrsmprdert ¢he
condi tions where the hydrogen pressure is from2 to 13 MPa, the liquid
hourly space f vehodiZy ts 3?0, krid 3.0 h-the hydrogen/oil ratio is from
250 to 1500 NL/L, and the reaction tenperature
the gas o0il composition having the following
properties:

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 1 ppm by mass or less;

an oxygen content of 1 percent by mass or less;

a triglyceride content of 0.01 percent by mass or

less;

an acid number of 0.13 mgKOH/g or less;

an increase in acid number after an oxidation

stability test of 0.12 mgKOH/g or less;

a cold filter plugging point (CFPP) of -5°C or
- lower;

a pour point (PP) of -10°C or lower; and

a lsoparaffin/n-paraffin ratio in the paraffin

contained in the composition of 0.80 or greater.

6. The gas o0il composition according to claim 1

or 2 wherein the 0il composition comprises a base gas
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is from150 to 380C, and the gas oil conposition having the follow ng
properties: a 90%distillation 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 1 ppmby nass or |ess; an oxygen content of 1
percent by mass or less; a triglyceride content of 0.01 percent by mass or
| ess; an acid nunber of 0.13 ngKOH g or less; an increase in acid nunber
after an oxidation stability test of 0.12 ngKOH g or less; a cold filter

pl uggi ng poi nt of -5C or _ |lower; a pour poin PP) of -1OC or | ower;
and a isocgjajra‘i”fil(cg’:ﬁ1 arafPPer abi i /i Hﬁ%aﬁéjal?f?ﬁ b ((?mtoé (FEDS £ i Sthre

conposi tion of 0.80 or greater. 6. The gas oil conposition according to
claim1 dtizegheidit a ke F PredrigoefitPon Eampt icSesds Daseddad rafaroil with
an isoparaffin/n-paraffin of 0.2 or greater, mxed with a hydrorefined oil
fromcrudefci( tat 58 patticenbfb B0/ @ busE peﬁ?@ém By peot @B t: P3OV 0 TR per cent
by volune, the base gas oil being produced by contacting a mxed oil of 10
to 90 perttleat bhyevalaigeoofl &re amgnplr oafu c wdgétyall en t at tandg oa miceponent
originating therefrom and 90 to 10 percent by volunme of a petrol eum base
oi | 0il 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 oil
with a sulfur content of 15 ppm by mass or less produced
by refining crude o0il, with a catalyst comprising a
support containing a crystalline molecular sieve and
one or more metals selected from the group consisting
of the Groups 6A and 8 metals of the periodic table,
supported thereon, under the 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 250 to 1500 NL/L, and the reaction
temperature is from 150 to 380°C, the gas oil
composition having the following properties:
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 1 ppm by mass or less;

an oxygen content of 1 percent by mass or less;

a triglyceride content of 0.01 percent by mass or
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wth
oil,

a sulfur content of 15 ppm by mass or | ess produced by refining crude
wth a catalyst conprising a support containing a crystalline

nol ecul ar sieve and one or nore netals selected fromthe group consisting
of the Groups 6A and 8 netals of the periodic table, supported thereon,
under the conditions where the hydrogen pressure is from2 to 13 MPa, the

i qui

d hourly space velocity is fromO0.1 to 3.0 h-1, the hydrogen/oil

ratio is from250 to 1500 NL/L, and the reaction tenperature is from150 to

380C,
di sti

the gas qil conposition having the follow ng properties: a 90%
|l ation tefrpetature of 360C or lower; a total aromatic content of 15

percent by volunme or less; a cetane index of 45 or greater; a sulfur
content of 1 ppiA bYCHEsN YrPEESL T afl - dd) geakOSt &nP rofl &S pércent by nass or

| ess;
acid

a triglyceride content of 0.01 percent by mass or -122 |ess; an
nunber of aQ 1BnAYKAY Y on lassd amnpereaset ¢n &g donudigdrianter an

oxidation stability test of 0.12 ngKOH/ g or less; a cold filter plugging
poi nt (CFPP) ofst-&Ciodty owest a polr IgbimyKOPR)g obr- IS er | ower; and a
i soparaffin/n-paraffin ratio in the paraffin contained in the conposition

of O.

80 or greatefold7.fiAgas @lugoapesipobontCONPEPT )Ngoa AW e rof
lower;
a pour point (PP) of -10°C or lower; and
a isoparaffin/n-paraffin ratio in the paraffin
contained in the composition of 0.80 or greater.
7. A gas oil composition comprising a mixture of
the aforesaid gas o0il compositions according to any of
claims 1 to 6 and a hydrorefined o0il from crude oil.
8. The gas 0il composition according to any of
claims 1 to 7 wherein it has the following properties:
a flash point of 50°C or higher;
a 90% distillation temperature of 350°C or lower;
a pour point (PP) of -7.5°C or lower;
a cold filter plugging point (CFPP) of -5°C or
lower;
a carbon residue of the 10% diétillation residue
of 0.1 percent by mass or less;
a cetane index of 45 or greater; and
a kinematic viscosity at 30°C of 2.5 mm?/s.
9. The gas o0il composition according to any of

claims 1 to 7 wherein it has the following properties:
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the aforesaid gas oil conpositions according to any of clains 1 to 6 and a
hydrorefined oil fromcrude oil. 8. The gas oil conposition according to
any of clainms 1 to 7 wherein it has the following properties: a flash point
of 50C or higher; a 90%distillation tenperature of 350C or |ower; a pour
point (PP) of -7.5C or lower; a cold filter plugging point (CFPP) of -5C or
| ower; a carbon residue of the 10% distillation residue of 0.1 percent by
mass or | ess; a octane index of 45 or greater; and a kinenmatic vi scosity at
30C of 2.5 m®/s.. 9, The gas_oi | osition accordin to an clainms 1
to 7 wherein it® had? tﬂésfto’r]rga\i‘ntrigo%rgﬁélﬂqlé%.turﬁlz%f %9| 4 &% on
tenperature of from 140C or her to 190C or | ower; a flash poi nt of 45C
or higher; a 90% %P8t hatiidn t%r@éréﬂh‘%rof 330C or lower; a pour point
(PP) of -20C or lower; a cold filter plugging point (CFPP) of -12C or

| ower; a carbor® residie pfinte AD%Gi°$t i pratilonheesi due of 0.1 percent by
mass or |less; a cetane index of 45 or greater; and a kinematic viscosity at
30C of 2.0 mR/as.90% kPUstillation temperature of 330°C or lower;

a pour point (PP) of -20°C or lower;

a cold filter plugging point (CFPP) of -12°C or
lower;

a carbon residue of the 10% distillation residue
of 0.1 percent by mass or less;

a cetane index of 45 or greater; and

a kinematic viscosity at 30°C of 2.0 mm®/s.
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