| GAS O L COWOSITION [Field of the Invention] The present invention
Qelates to gas oil conpositions conprising an environnent friendly base
gas oil produced froma triglyceride-containing hydrocarbon that is an
ani mal or vegetable fat and/or a conponent originating therefrom and
having excellent life cycle C02 em ssion properties, oxidation stability,
oxidation stability and lubricity. [Background of the Invention]
Conventional 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 hydrotreati fdorORydroBEQSLYE2Hti on. Conventional gas
oil conpositions are produced by blending one or nore types of these base
gas oils and base kerosenes. |f necessary, these gas oil conpositions are
bl ended with additives such as a cetane nunber inprover or a detergent
(see, for exameglce, ofNamrdPal enterDocongnt 1 bel ow). Patent Docunent 1
(Japanese Patent Application Laid-Open Publication No. 2003-171670)
di scl oses a netiwd fare peaducimgehydrocarkanst éer ttdegper pase of -1
produci ng hydrocarbons using a natural fat or a derivative thereof and a
food oil wWagh@Asithe AW omprising an environment friendly base

gas oil produced from a triglyceride-containing

hydrocarbon that is an animal or vegetable fat and/or

a component originating therefrom, and having

excellent life cycle CO; emission properties, oxidation

stability, oxidation stability and lubricity.

[Background of the Invention]

Conventicnal base gas oils are known to be
produced by subjecting a straight gas ¢il or straight
kerosene, produced by atmospheric distillation of
crude ©0il to hydrctreating or hydrodesulfurization.
Conventional gas o0il compositions are produced by
blending one or more types of these base gas oils and
base kerosenes. If necessary, these gas oil
compositions are blended with additives such as a
cetane number improver or a detergent {see, for example,
Non-Patent Dccument 1 below).

Patent Document 1 (Japanese Patent Application
Laid-Open Publication No. 2003-171670) disclcses a

method for producing hydrocarbons for the purpose of



mat eri al, wherein hydrocarbons are produced by reacting natural fats,
natural fats waste or derivatives thereof with activated hydrogen in the
presence of a catalyst selected fromthe group consisting of netal '
catal ysts, alloy catalysts, netal-supported catalysts and all oy-supported
catal ysts. Patent Docunent 2 (Japanese Patent Application Laid-Open
Publ i cati on No. 2005-538204) discloses a fuel conposition for diesel

engi nes conprising 0.1-99 percent by volume of a conponent or a m xture of
conmponents produced from biological raw materials originating fromplants

and/ or fdisdbdard 0y 28 ypre€eatrb diys valsuneg ok eonpeRant st £entai nkng oxygen.
Both conponents are m xed in diesel conponents based on crude oil and/or

fractionse f 1 o@this&henrelf @9%Chn @ acasse g Patient , bRewrent 3 Japapese Patent
Application Laid-Open Publication No. 2004-189885) discloses an

enV'ron%ﬁ?&egﬁdﬁndlﬁthﬁ§fh h r89%H9§6ﬁ LOMBLS &ﬂg ere|nhy| ester or

et hyl ester a ‘'sat urat ed unsaturate atty aci t he carbon
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can acméwﬁlﬁ%éﬁﬁé h%ﬁéggg% with activated hydrogen in the
presence of a catalyst selected from the group
consisting of metal catalysts, alloy catalysts,
metal-supported catalysts and alloy-supported
catalysts.

Patent Document 2 {(Japanese Patent Application
Laid-Open Publication No. 2005-538204) discloses a
fuel composition for diesel engines comprising 0.1-99
percent by vclume of a component or a mixture of
components produced from biological raw materials
originating from plants and/or fish and 0-20 percent
by volume of cocmponents containing oxygen. Both
components are mixed in diesel components based on
crude o0il and/or fractions from Fischer-Tropsch
process.
Patent Document 3 (Japanese Patent Application

Laid-Open Publication No. 2004-189885) discloses an
environment friendly diesel fuel composition
comprising a methyl ester or ethyl ester of a saturated

or unsaturated fatty acid wherein the carbon number

constituting the fatty acid is from 6 to 20 or a mixture



requi site performances such as life cycle CO2 em ssion properties,
oxidation stability, and lubricity, and a realistic nethod that can produce
a fuel satisfying various performances that have been required for
comercial fuels has not been disclosed. (1) Patent Docunent 1. Japanese
Patent Application Laid-Open Publication No. 2003-171670 (2) Patent
Docunent 2: Japanese Patent Application Laid-OQpen Publication No.
2005-538204 (3) Patent Docunent 3: Japanese Patent Application Laid-Open
Publ i cati on No. 2004-189885 (4) Non-Patent Docunent 1: Konishi Seiichi,
"Nenryo KoglakwueGdli ron", Shokabo Publishing Co., Ltd., March, 1991, pages
136 to 144 [Disclosure of the Invention] Meanwhile, in recent years, gas
oil, which is aHdwekefror intermareconblsfifor ehyi nes dasilgeerarbduilred to
be decreased in sulfur and aromatic contents in an effort to inprove the
ai r envir oquenti tapds neduceh blie c enviekonnent laoadar apiglyr Atetde sane tine,
in order to cope with the global warm ng issue, gas oil has also -3 been

required tpegossesselyek I ORERILS LoAhributive dyo- Bef oot heniismironement
in fuel consunption and also effective in carbon dioxide (C02) reduction.

As one P8l £ 2611 ew g ] bess, abj 659,14 §, Nandbeens st udiegd, d0quse
synt hetic ueF% and bio diesel fuels
realistic method that can produce a fuel satisfying
various performances that have been required for
commercial fuels has not been disclosed.
{1}y Patent Document 1l: Japanese Patent
Application Laid-Open Publication No. 2003-171670
(2) Patent Document 2: Japanese Patent
Application Laid-Open Publication No. 2005-538204
{(3) Patent Document 3: Japanese Patent
Application Laid-Open Publication No. 2004-189885
{4) Non-Patent Document 1: Konishi Seiichi,
"Nenryo Kogaku Gairon", Shokabe Publishing Co., Ltd.,

March, 1991, pages 136 to 144

[Disclosure of the Invention]

Meanwhile, in recent years, gas oil, which is a
fuel feor internal combustion engines has been reqguired
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



(hereinafter also referred to as "BDF"), which are reproducible energies,
as alternative fuels. BDF is mainly conposed of a fatty acid al kyl ester

m xture produced from natural aninmal and vegetable fats and thus contains *
al nost no aromatic conpound largely contributive to the production of soot
di scharged with an exhaust gas or no sul fur conmponent giving significant

i nfl uences such as poi soning of an exhaust-gas post-processing catalyst.
Furthernore, BDF itself is an oxygen-containing conpound having oxygen in
its nolecul es and thus has been attracted as a dom nant possibility for an

al t er natd wenf velqu BPEd t® pes § éored vasl 3 r epAUCEB! € ceNeF g¥ Recause it is
derived fromplants. Thus, the carbon dioxide caused by BDF is not counted

as the efdssipagtwwlerif & SpsRen ¢ di:oxide r %Méhfﬂ%F r&ﬁ%ﬁ' enteped among
nations in 1997, so-called "Kyoto Protocol"”, and has, ere ore,

olitic It \; tt I st ed fro natural
gnl mal Zén%gggéeltsv%HgW?aﬁr}g%%t aclhné?iq%%t M’ ?cﬁ&ue&ﬁ%e qéan[%?y of heavy
conponents and

h in_ b
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hydrocarbons The f aci ers are oxygen-containi ng conpounds
and thus %avéetﬁéyngkﬁér}ﬁo% ﬁ%t fﬂ%ybﬁﬁul ?ﬁ@ﬁ '€ alfdehydes
(hereinafter alsc referred toc as "BDF"), which are

reproducible energies, as alternative fuels.

BDF is mainly composed of a fatty acid alkyl ester
mixture produced fromnatural animal and vegetable fats
and thus contains almost no aromatic compound largely
contributive to the production of scot discharged with
an exhaust gas or no sulfur component giving
significant influences such as poisoning cf an
exhaust-gas post-processing catalyst. Furthermore,
BDF itself is én oxygen-containing compcund having
oxygen in its molecules and thus has been attracted as
a dominant possibility for an alternative fuel. BDF
is positioned as a reproducible energy because it is
derived from plants. Thus, the carbon dioxide caused
by BDF is ncot counted as the emissions under the carbon
dioxide reduction prctocol entered among nations in
1997, so-called “Kyoto Protocel”, and BDF has,
therefore, political merits.

However, fatty acid alkyl esters produced from

natural animal and vegetable fats contain



exhaust ed upon conbustion. BDF that contains a |arge anount of a fatty acid
al kyl ester containing many saturated fatty acid groups is poor in handling
characteristics as fuel because it is solid at anbient tenperatures and
woul d fail to secure lowtenperature fluidity. BDF that contains a | arge
anount of unsaturated fatty acid groups is poor in oxidation stability due
to its chem cal conposition and would be deteriorated in color and cause
the formati on of sludge and adverse affects on engine parts. Further, there
is a strong concern that a fatty acid glyceride and an al kyl al cohol, which
are raw metRErans ¥ef lpnodudiviyl © £ APty aei UL dHKGF YeSOCEHP DY Pt MTHY and a
glycerin mxture which is by-product thereof adversely affects engine
parts and flyes REjce®CiCh oyt eRE O Uthdseo pefddehed edPare CdtP R 8GAP T Nt he
existing gas oils. Therefore, the sane probl ens arise upon use of BDF not
only al oneehgtinaso pnsedibl paflieed ivhgh tan tlegi $niawe gas coidni b lian $ hus
necessary to give nore -5 concerns to the properties of BDF itself as well
as the oxdtainbnrsiedinyiyodombbarper atueef prapentdiss anky lcostustsbility
t hereof when mi xed with an existing gas oil than ever before. Accordingly,

the use ofa BBF oW €R -icoat hatlih @Cdmpd ki sesd €n M &ir Bapreodured from a
natural animal or vegetable fat can not provide for a gas oil conposition

likelihood that they would increase aldehydes
exhausted upon combustion. BDF that contains a large
amount of a fatty acid alkyl ester containing many
saturated fatty acid groups 1is poer in handling
characteristics as fuel because it 1s solid at ambient
temperatures and would fail to secure low-temperature
fluidity. BDF that contains a large amount of
unsaturated fatty acid groups is poor in oxidation
stability due to its chemical composition and would be
deteriorated in color and cause the formation cf sludge
and adverse affects on engine parts. Further, there
is a strong concern that a fatty acid glyceride and an
alkyl alcohol, which are raw materials for producing
a fatty acid alkyl ester by refining and a glycerin
mixture which is by-product thereof adversely affects
engine parts and fuel injection systems.

These tendencies are not found in the existing gas
0ils. Therefore, the same problems arise upon use of

BDF not only alone but alsc in combinaticon with an

existing gas oil. It is thus necessary to give more
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that is reduced in harnful exhaust conmponents and excellent in life cycle
CO2 em ssion properties, oxidation stability and lubricity. Since these
engine performances are closely related to other fuel properties, it is °
very difficult to produce a fuel of high quality which can satisfy all of
these requisite perfornmances in a higher level. Furthernore, there has not
exi sted any exanple or idea on the basis of studies of a fuel which can
satisfy all the performances required for conmercially available fuel oils
and a realistic process for producing such a fuel. The present invention

was madecdonceiravs afo tihiee Hobegot NPesi baBIDINS tahe 1 as sai «abj ecd e provi de a
gas oil conposition conprising an environnent friendly base gas oi

produceds £ f gt d ki @loeast i de~cont givni i pBYY 06 ALY & Pat- d Sc an 4 mal  or
vegetabl e fat and/or a conponent originating theréfromand having excell ent

life cyclenBli & $310, RIPPEEL £%h O IRk & ptabid ! icity.
The present invent?oﬁqaés acconpl i shed as tEEWl?ésJﬁ?éi%%ggéte éﬁgé research
and studa/.l a%@hﬁg Qut. Qbe%%h%? t he above problens. That is, the present

i nvention %Inven ion f% rel'ates to a gas oil conposition conprising a

[raction and 0L si0ke RUT PHATISS e BPUARLY WPLOKL (e ot e
alkyl ester mixture produced from a natural animal or
vegetable fat can not provide for a gas oil composition
that is reduced in harmful exhaust components and
excellent in life cycle CO, emission properties,
oxidation stabkility and lubricity. Since these engine
performances are closely related to other fuel
properties, it is very difficult to produce a fuel of
high quality which can satisfy all of these requisite
performances in a higher level. Furthermore, there has
not existed any example or idea on the basis of studies
of a fuel which can satisfy all the performances
required for commercially available fuel oils and a
realistic process for producing such a fuel.

The present invention was made in view of the
foregoing situations and has an object to provide a gas
0il composition comprising an environment friendly
base gas 0il produced from a triglyceride-containing
hydrocarbon that is an animal or vegetable fat and/or
a component originating therefrom and having excellent

life cycle CO; emission properties, oxidation
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of hydrogen a feedstock conprising an animal or vegetable fat and/or a
conponent originating therefrom and a sul fur-containing hydrocarbon
conpound m xed therewith so that the total sulfur content of the mxture
is from1l ppmby nmass to 2 percent by mass, into contact with a catal yst
gonprising a porous inorganic oxide conprising two or nore types of

el ements selected fromalumnum silicon, zirconium boron, titanium and
magnesi um and one or nore types of netals selected from the group
consisting of the Goups 6A and 8 netals of the periodic table, supported

t her eon, widePilddrdi enensl wWAsHE tthe- hydrogen pressure is from2 to 13 Mra,
t he I|qU|d hourly space velocity is from0.1 to 3.0 h-1, the hydrogen oi
ratio is fnﬂn1Em¢opIBwme/EnV%mdlpmaW@acﬁQﬁDEQMﬁﬁ%ﬁdr@Ssthﬁom150 to
480C, the conposition having a 95% distillation tenperature of 360C or

| ower, a std$ul tcortfertx 0énkd ppnr by eressh gnd7skesy; caar oxpger wconttent of 1
percent by mass or less, a fatty acid alkyl ester content of 3.5 percent by

mass or |lessveaniagi dbrurdes refb Dedd .ngKOH g or less, a nethanol content
of 0.01 percent by mass or less, a glyceride content of 0.01 percent by

mass or |ess, anda@nidRRR wear, SeaEndi ai‘i%%ﬁqt(:ﬁ’&l M1:0fA6Q gam o snal ler.
The present invention (Inventlon I1) relates to a gas oil conposition

conpri si ngféga@és Rrpduceds by; 10k ¥iRg 10:60,,2Q PRk eent: by yof vpeaf, 4

fraction wt
and 50 to 300 ppm by mass of a lubricity improver (LI),

the fraction being produced by bringing in the presence
of hydrogen a feedstock comprising an animal or
vegetable fat and/or a compenent originating therefrom
and & sulfur-containing hydrocarbon compound mixed
therewith so that the total sulfur content of the
mixture is from 1 ppm by mass to 2 percent by mass, into
contact with a catalyst comprising a porous inorganic
oxlide comprising two or more types of elements selected
fromaluminum, silicon, zirconium, boron, titanium and
magnesium and one or more types of metals selected from
the group consisting of the Groups 6A and 8 metals of
the periodic table, supported thereon, under
conditions where the hydrogen pressure is from 2 to 13
MPa, the liquid hourly space velocity is from 0.1 to
3.0 h™", the hydrogen oil ratio is from 150 to 1500 NL/L,
and the reaction temperature is from 150 to 480°C, the
composition having a 95% distillation temperature of

360°C or lower, a sulfur content of 10 ppm by mass or



90 to 10 percent by volume of a petroleumhydrotreated oil having a mddle
distillate refined fromcrude oil, and 50 to 300 ppm by mass of a lubricity
i mprover (LI) , the fraction being produced by bringing in the presence of”
hydrogen a feedstock conprising an animal or vegetable fat and/or a
conponent originating therefrom and a sul fur-containing hydrocarbon
conpound m xed therewith so that the total sulfur content of the mxture
is from1l ppmby mass to 2 percent by nmass, into contact with a catal yst
conprising a porous inorganic oxide conprising two or nore types of

el ement sl sekectsad o ygraral cwhnemt séfi tope zi s gONbYMMPOEOBr tlidami um and
magnesi um and one or nore types of netals selected from the group

consi stifg Hf ciha cFoupsk GA ane S it snaf o he Pyd Pt 3P} 614 SUPPOrted
t hereon, under conditions where the hydrogen pressure is from2 to 13 -8

MPa, the,}iquidk hoy! y, space wmehaei tovfiﬁ.flrso%aKémg% 310 Nsds the hydrogen

oil ratiois from150 to 1500 NL/L, and the reacti tenpera?ﬁre is from
r

150 10 4B0Ch ey ERUROSHE! A Navino e Patdi shil Lt on lenperature of  360C
or lower, a sultur content of 10 ppm'by mass of * [ess, an oxyged content of
1 percent. by mass or |ess a.fat acid alkyl ester content of 3. 5 percent
by mass g%y%legsjs,eaﬁogciedﬁﬁu%eﬁ'@%i & 515° KOS Y Tt FeRE, 155 SretdBfol

content of 0.01 percent q%ﬁﬁgss or Ies%g a gl%ceride content _of 0.01
percent Y HeRE BE eSS ameter (WS1.4)70T 460 pm or smaller.

The present invention (Invention II) relates to
a gas o0il composition comprising an oil produced by
mixing 10 to 90 percent by volume of a fraction with
90 to 10 percent by volume of a petroleum hydrotreated
0il having a middle distillate refined from crude o0il,
and 50 to 300 ppm by mass of a lubricity improver (LI),
the fraction being produced by bringing in the presence
of hydrocgen a feedstock comprising an animal or
vegetable fat and/or a component originating therefrom
and a sulfur-containing hydrocarbon compcund mixed
therewith so that the total sulfur content of the
mixture is from 1 ppm by mass to 2 percent by mass, into
contact with a catalyst comprising a porous inorganic
oxide comprising two or more types of elements selected
from aluminum, silicon, zirconium, boron, titanium and
magnesium and one or more types of metals selected from
the group consisting of the Groups 6A and 8 metals of
the periodic table, supported thereon, under

conditions where the hydrogen pressure is from 2 to 13



an HFRR wear scar dianeter (W51.4) of 460 pmor smaller. The present
invention (lnvention IIl) also relates to a gas oil conposition conprising
an oil produced by mxing 95 to 50 percent by volunme of a mxture of 10 to
90 percent by volune of a fraction and 90 to 10 percent by volune of a
petrol eum hydrotreated oil having a gas oil fraction refined fromcrude oil
wth 5 to 50 percent by volune of a petroleum hydrotreated oil having a
kerosene fraction refined fromcrude oil, and 50 to 300 ppm by nass of a
lubricity inprover (LI), the fraction being produced by bringin in the
presence &fF hydEbgen BaRédddtvek Lyorit# SEng whe Canivial S of twal el abl & F at

and/ or a conponent originating therefromand a sul fur-containing

hydr ocar bén @dnpoeuhtie hiydetb ¢ herewilt hasd ¢ Hat frtentlotalteul $6P ¥bdtent of
the -9 mxture is froml ppmby mass to 2 percent by nmass, into contact

Wi th a catsal ¢ stheonpricsi hgnat porpssa tnaregars cf roxi dé Ocdmprd &0 hg .t wheor nore
types of elenents selected fromalumnum silicon, zirconium boron,

titani um arghp sBIRESO HMhard wgaeaon rei sypdasl of inet al smpelrect edef ram t he
group consisting of the Goups 6A and 8 netals of the periodic table,

suppor t ed Fder eon,r uniges rgonrdidi PRs rWhes et ERe hydrpgep ppr essufiesiss dfrom 2 to
13 MPa, the liquid hourly space velocity is from0.1 to 3.0 h-1, the

hydrogen oids5at b ics f§0M T3h i 0n15QF N/ e - Mk 1HY hAI i98 Lewmerature
is from 150 to 480C, t

a fatty acid alkyl ester content of 3.5 percent by mass
or less, an acid number of 0.13 mgKOH/g or less, a
methanol content of 0.01 percent by mass or less, a
glyceride content of 0.01 percent by mass or less, and
an HFRR wear scar diameter (WS1.4) of 460 uym cr smaller.
The present invention (Invention ITI} also

relates to a gas ©il composition comprising an oil
produced by mixing 895 to 50 percent by vclume of a
mixture of 10 to 90 percent by volume of a fraction and
90 to 10 percent by volume ¢f a petroleum hydrotreated
0il having a gas ©i1l fraction refined from crude oil
with 5 to 50 percent by volume of a petroleum
hydrotreated o0il having a kerosene fraction refined
from crude cil, and 5C to 300 ppm by mass of a lubricity
improver (LI), the fraction being produced by bringing
in the presence of hydrogen a feedstock comprising an
animal or vegetable fat and/or a compecnent criginating
therefromand a sulfur~containing hydrocarbon compound

mixed therewith so that the total sulfur content of the



conposition having a 95% distillation tenperature of 360C or |ower, a

sul fur content of 10 ppm by mass or |ess, an oxygen content of 1 percent by
mass or less, a fatty acid alkyl ester content of 3.5 percent by mass or °
| ess, an acid nunber of 0.13 ngKOH g or less, a nethanol content of 0.01
percent by mass or less, a glyceride content of 0.01 percent by mass or

| ess, and an HFRR wear scar dianmeter (W51.4) of 460 pmor snaller. The
present invention (lnvention IV) also relates to a gas oil conposition
conprising an oil produced by mxing 95 to 50 percent by volune of a
fracti omiwktthir® 1o S0opeicepim by melsiame ©f2 pepet ealtebm hydrof reated  oi
havi ng a kerosene fraction refined fromcrude oil, and 50 to 300 ppm by

mass of achttlrd €iwythmar eeera (), codPriihe 4 §agt per Qs ngnpragised by
bringing in the presence of hydrogen a m xture of 10 to 90 percent by

vol ume ofxiak @idmEPRNAIrSY MGy &b AR dBE ©f pregstrablhe f &b candeare @ cgonmponent
originating therefromand a sul fur-contail ning hydrocarbon conpound m xed

t her ew tgré% Eﬁ%%ﬁﬁmt,%%'l subhur z‘i%@fgﬁu‘&?, Her o A X’E%e‘adfghgg 41 ppm by

mass to percént by mass and 90 to 10 percént by vbl une o rol eum

hydr ocar bon _ _havj ng g oil fr ion refined fr crude il , into contact
wth a crggglnyes$l{érgrr%r%id3|g§lge grp(r)nrogrﬁés ti}ﬁ%’re%aﬁi%c%eécxa?g%a T rcﬁs?%gff% or nore

types of elenents selected. .fromalupn sili n, zirconiu bor an,
t?FaMlﬂﬁ fgaroup consfstlng o?’tgg %?oups %% and g meggls ot

the periodic table, supported thereon, under
conditions where the hydrogen pressure is from 2 to 13
MPa, the liquid hourly space velocity is from G.1 to
3.0 h"!, the hydrogen oil ratio is from 150 to 1500 NL/L,
and the reaction temperature is from 150 to 480°C, the
composition having a 95% distillation temperature of
360°C or lower, a sulfur content of 10 ppm by mass or
less, an oxygen content of 1 percent by mass or less,
a fatty acid alkyl ester content of 3.5 percent by mass
or less, an acid number of 0.13 mgKOH/g or less, a
methanol content of 0.01 percent by mass or less, a
glyceride content of 0.01 percent by mass or less, and
an HFRR wear scar diameter (WS1.4) of 460 pm or smallex.
The present invention (Invention IV) also relates
to a gas oil composition comprising an oil produced by
mixing 95 to 50 percent by volume of a fraction with
5 to 50 percent by volume of a petroleum hydrotreated
0il having a kerosene fraction refined from crude oil,

and 50 to 300 ppm by mass ¢f a lubricity improver (LI),
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magnesi um and one or nore types of netals selected from the group
consisting of the Goups 6A and 8 netals of the periodic table, supported

t hereon, under conditions where the hydrogen pressure is from2 to 13 Mra,
the liquid hourly space velocity is from0.1 to 3.0 h-1, the hydrogen oi
tatio is from150 to 1500 NL/L, and the reaction tenperature is from 150 to
480C, the conposition having a 95%distillation tenperature of 360C or

| ower, a sulfur content of 10 ppm by nass or |ess, an oxygen content of 1
percent by mass or less, a fatty acid alkyl ester content of 3.5 percent by
nmass or téss frachéld REHIEY RFogur® i BE iPgkd P &N erB ol Cont ent
of 0.01 percent by mass or less, a -11 glyceride content of 0.01 percent by
mass or | ess hwhdogam HFRR pearsscaf HY abet 80 EWBIC R tof v461P baler cdnal | er.
Preferably, the gas oil conpositions of the present invention has a cold
filter pluaggiongl poonto ofsingCaor doivwe.l [Besteede ol eCdartyiamddotr tehe

I nvention] The present invention will be described in nore detail bel ow.
Exanpl es efomgpapenant srofy et gagy ot heeemosint iaons aof the present invention
include: 1) a fraction (environnent friendly base gas oil) produced by

bringi ng igh1herpresense rofn pydreoenca rfeedsbaghio enapriisteg an ani mal or
veget abl e fat and/ or

therewith so that the total sulfur content of the
mixture is from 1 ppm by mass to 2 percent by mass and
50 to 10 percent by volume of a petroleum hydrocarbon
having a gas o0il fraction refined from crude oil, intec
contact with a ;atalyst comprising a porous incrganic
ocxlde comprising two cr more types of elements selected
fromaluminum, siliceon, zirconium, boron, titanium and
magnesium and one or more types of metals selected from
the group consisting of the Groups 6A and 8 metals of
the periodic table, supported thereon, under
conditions where the hydrogen pressure is from 2 to 13
MPa, the liquid hourly space velocity is from 0.1 to
3.0 h™", the hydrogen 0il ratio is from 150 to 1500 NL/L,
and the reaction temperature is from 150 to 480°C, the
composition having a 95% distillation temperature of
360°C or lower, a sulfur content of 10 ppm by mass or
less, an oxygen content of 1 percent by mass or less,
a fatty acid alkyl ester content of 3.5 percent by mass

or less, an acid number of (.13 mgKOH/g or less, a

methanol content of 0.01 percent by mass or less, a

-11-



a conponent originating therefromand a sul fur-containing hydrocarbon

conmpound m xed therewith so that the total sulfur content of the mxture
1 ppmby nass to 2 percent by mass, into contact with a catal yst

is from
conpri si
el enent s
magnesi u
consi st
t her eon,

oil rati

refined

fraction
the pres
conpri si
t herefro
t hat the
per cent

ng a porous inorganic oxide conprising two or nore types of

selected fromalum num silicon, zirconium boron, titani um and

m and one or nore types of netals selected from the group

ng of the Groups 6A and 8 netals of the periodic table, supported

under conditions where the hydrogen pressure is from2 to 13 -12
MPa, theglliygis @i Heurlon tspateofelbadi1 yoé 8 claromy Indes 3.0 1heds , t Badhydr ogen
ois from150 to 1500 NL/L, and the reaction tenperature is from

150 to 48Q8Gir2R @cRet s £um Nufkald eated10id) Baviund ardas Qa1 feaction
fromcrude oil; 3) a petroleunthydrotreated oi | having a kerosene

refi nﬁgeffrmstwe ohk @and 45 actﬁg%ts'p@l%%d%fdtwe bringing in

ence of hydrogen a mxture of 10 O percent by vol une of

an oi

B 2 R BPRN & b d bz Baarat B P A RaPd tn o

b

[Best Mode of Carrying out the Invention]

The present invention will be described in more
detail below.

Examples of components of the gas oil compositions
of the present invention include:

1) a fraction (environment friendly base gas oil}
produced by bringing in the presence of hydrogen a
feedstock comprising an animal or vegetable fat and/or
a ccmponent originating therefrom and a
sulfur-containing hydrocarbon compound mixed
therewith so that the total sulfur content of the
mixture is from 1 ppm by mass to 2 percent by mass, into
contact with a catalyst comprising a porous inorganic
oxlde comprising two or more types of elements selected
from aluminum, silicon, zirconium, boron, titanium and
magnesium and one or more types of metals selected from
the group consisting of the Groups 6A and 8 metals of
the periodic table, supported thereon, under

conditions where the hydrogen pressure is from 2 to 13

-12-
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having a gas oil fraction refined fromcrude oil, into contact with a

catal yst conprising a porous inorganic oxide conprising two or nore types
of elenents selected fromalumnum silicon, zirconium boron, titanium and
magnesi um and one or nore types of netals selected from the group
¢onsisting of the G oups 6A and 8 netals of the periodic table, supported

t hereon, under conditions where the hydrogen pressure is from2 to 13 Mra,
the liquid hourly space velocity is from0.1 to 3.0 h-1, the hydrogen oi
ratio is from150 to 1500 NL/L, -13 and the reaction tenperature is from 150
to 480C. MEw, ehhﬂwﬁwmnﬂdrh@maﬂwlﬁE@Cga§Qﬁ¢C&§%iiﬁ fEepriesent©
invention is a IOM/squur and | ow oxygen content fraction produced by
hydr ot r eatd .n@ e *spebief hgd feedst odk. ritd § detddtook § 50 needssapli iy /dn ani mal
or vegetable fat or a conponent originating therefrom The term "an ani na
or veget akired f aheOrr @acanponenempos i gknmatd ngst Herehr 60 used 4B&reCn denot es
natural or artificially made or produced aninal or vegetable fats, aninal

or vegetable fat)cenponenbs And KoARNENE § tiATe 1 Or hpraduged § nemotifiese
fats. Exanpl es of raw materials of the animal fats and animal oils include

bea:taII@%acghgﬁfggf@%g&ekkomlgquénggyntaIImN whale oil, fish oil,
and liver oil. Exanples of raw naterials of t he vegetable fats and

vegetable oils I3qC|aug%tt1h<?l§%?rfj%fcppotreated ©il having a kerosene

fraction refined from crude oil; and

4) a fraction produced by bringing in the presence
cof hydrogen a mixture of 10 to 90 percent by volume of
an oil comprising an animal or vegetable fat and/or a
component originating therefrom and a
sulfur-containing hydrocarbon compound mixed
therewith so that the total sulfur content of the
mixture is from 1 ppm by mass to 2 percent by mass and
90 to 10 percent by volume of a petroleum hydrccarbon
having a gas o0il fraction refined from crude cil, into
contact with a catalyst comprising a porous inorganic
oxide comprising two or more types of elements selected
fromaluminum, silicon, zirconium, boron, titanium and
magnesium and one or more types of metals selected from
the grcoup consisting of the Groups 6A and 8 metals of
the periodic table, supported thereon, under
conditions where the hydrogen pressure is from 2 to 13
MPa, the liquid hourly space velocity is from 0.1 to

3.0 h"!, the hydrogen oil ratio is from 150 to 1500 NL/L,

-13-



ot her parts of coconut, palmtree, olive, safflower, rape (rape bl ossons)
rice bran, sunflower, cotton seed, corn, soy bean, sesane, and fl axseed.
The use of fats and oil other than these would not create any problem The
feedst ocks may be of solid or liquid but are preferably produced from
vegetable fats or vegetable oils with the objective of easy handling,

carbon dioxide absorptivity, and high productivity. Alternatively, waste
oils resulting fromthe use of -14 these animal and vegetable oils for
househol d, industry and food preparation purposes may be used as the

f eedst ocknaf tteie t he aEsi Oualt srapeersc @re riefoyedd rogy tthesggoidls, Exanpl es
of the typical conposition of the fatty acid part of the glyceride

conpounds conteh Bednivit # gfmend eadst peks, il vdgakaby acd ds. 1 5oz fal | ed
saturated fatty acids having no unsaturated bond in the nolecules, such as

butyric [ OO 4 roi-C i d,GGhHL o | i |
(C?HlSOO%IED'e% e((:rzggprﬁi Cc aci &&?%9%?96%8} uj1 aur %gg%w(%gﬁfﬁ%&;ge 1'rﬁFri stic
acid (Cl3H2700 it i 0Q0 stearic.acid (CL7H35000H),
and so-c%gﬁéﬁ:hggg dﬁ%%gée aﬁ?i géﬁﬁégt%%58ﬁg%8n§'d?éﬁﬁfggh%saturated bonds
in the ngle%yles such as oleic acid (C17H33000H), linoleic acid

(C17H3100BE 5% P fbl"eni ¢ acid (C17H29000H) and ricinoleic acid

(CI”BZ(Oﬁoo%ﬂel%égggg%dktyg m@%gg%g¥?1y an animal or

vegetable fat or a component originating therefrom.
The term “an animal or vegetable fat or a component
originating therefrom” used herein denctes natural or
artificially made or produced animal or vegetable fats,
animal or vegetable fat components and components made
or produced from these fats. Examples of rawmaterials
of the animal fats and animal 0ils include beef tallow,
milk fat (butter), lard, mutton tallow, whale oil, fish
0il, and liver o0il. Examples ¢of raw materials of the
vegetable fats and vegetable oils include the seeds and
other parts of coconut, palm tree, olive, safflower,
rape (rape blossoms), rice bran, sunflower, cotton seed,
cern, sSoy bean, sesame, and flaxseed., The use of fats
and oil other than these would not create any problem.
The feedstocks may be of solid or liquid but are
preferably produced from vegetable fats or vegetable
0oils with the objective of easy handling, carbon
dioxide absorptivity, and high productivity.

Alternatively, waste oils resulting from the use of

-14-



parts of these fatty acids contained in substances existing in nature are
Jostly of straight chain. However, the fatty acid nmay 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 -15 nol ecule, the position
of which is adjusted through chem cal synthesis as |long as the properties
defined by the present invention are satisfied. The above-descri bed

f eedst ocks hesd mel ine L gadevabled dlat & ahd scépponentsssbpilgi natidiys EBer ef rom)
contain one or nore of these fatty acids, which vary depending on the raw
mat er i al sankbrferadnpleepeoceaniivs poifpoertsaimsyabrel atievel s | atge anount of
saturated fatty acid groups such as lauric acid and nyristic acid groups
whi | e soy fleeais bbk kcam@ée pst & d areggei doeuntm of t eunssai ks at edofved d yf acimd gr oups
such as oleic acid and linoleic acid groups. There is no particul ar
restricti emedet R 1 sul fur-contai ni ng conpounds contained in the feedstock.
However, exanples include sulfide, disulfide, polysulfide, thiol,

Lhi ophene, benzgthigpheaeos dikenzobhi-ephanenpdnd dephvald vare theteql . The

feedstock may be m Xed with a petrol eum hydrocarbon
acid part of the glyceride compounds ccentained in these
feedstocks include fatty acids, sc-called saturated
fatty acids having no unsaturated bond in the molecules,
such as butyric acid (C3H7COCH), caproic acid
(CsH11COOH), caprylic acid (CsH15CCOH), capric acid
(CoH3;9COOH), lauric acid (C1;H23CO0OH), myristic acid
(C13H27COOH), palmitic acid (C,;3H3:CCOOH), stearic acid
(C17H35sCO0H), and so-called unsaturated fatty acids
having one or more unsaturated bonds in the molecules,
such as olelc acid (Cy1:Hi3CCOH), linoleic acid
(C17H31CO0H), linolenic acid (C;7H29CO0KE)and ricinoleic
acid ({Ci;7H3;, (OH)COOH) . In general, the hydrccarbon
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

~15-



fraction containing sulfur conpounds. The hydrotreating of the feedstock is
carried out preferably under conditions where the hydrogen pressure is in
the range of 2 to 13 MPa, the liquid hourly space velocity (LHSV) is in the~
range of 0.1 to 3.0 h-1 and the hydrogen/oil ratio is in the range of 150
to 1500 NL/L, nore preferably under conditions where the -16 hydrogen
pressure is in the range of 3 to 12 MPa, the |liquid hourly space velocity
isin the range of 0.2 to 2.0 h-1, and the hydrogen/oil ratio is in the
range of 200 to 1200 NL/L, nore preferably under conditions where the

hydr ogennrlessure i sSthe thes £ 8ngm 0b £44i0i 0. § s MPaj uldtee Hi @y fofigur |y space
velocity is in the range of 0.25to 1.0 h-1, and tHe hydrogen/oil ratio is

in the anagiek 1309, 4enk0P0s Nakl 1 Feghaal die sondidienss iéefifn?{]a or
e

exerting an influence on the reaction  activity. For example, If

hydr ogen r esgur e, and hyds ggeniai L ratio are siess phan the |over limits,

the reactivity tends to reduce, and the activity fénds to reduce rapidly.
enor mous” i ant TveRE R T80 e Lo aeor L B PRI e Y Lover 1 quid.
ovever , MATE hBD A BE Ul v SBRCE: SRF Gcicyt B3 AGMkR Ot R T REZCGher 1§
, . y ci t I rlimt,
an enormgg%gé%gtA{geggm%gréoggxgﬁé;gc¥é¥kgfa%idst which vary
depending on the raw materials. For example, coconuts
0o0il contains a relatively large amount of saturated
fatty acid grcups such as lauric acid and myristic acid
groups while soy bean oil contains a large amount of
unsaturated fatty acid groups such as cleic acid and
linoleic acid groups.

There is no particular restriction on the
sulfur-containing compounds contained in the feedstock.
However, examples include sulfide, disulfide,
polysulfide, thiol, thiophene, benzothiophene,
dibenzothiophene, and derivatives thereof. The
feedstock may be mixed with a petroleum hydrocarbon
fraction containing sulfur compounds.

The hydrotreating of the feedstock is carried out
preferably under conditions where the hydrogen
pressure is in the range of 2 to 13 MPa, the ligquid hourly
space velocity (LHSV) is in the range of 0.1 to 3.0 h™!

and the hydrogen/oil ratio is in the range of 150 to

1500 NL/L, more preferably under conditions where the

-16~



reactor with an extrenely |large volune may be required. |If the liquid
hourly space velocity exceeds the upper |imt, the reaction tends to
proceed insufficiently. The reaction tenperature can be arbitrarily

adjusted so as to obtain the deconposition rate of the intended heavy
fraction of the feedstock or the -17 intended fraction yield. Furthernore,
the reaction tenperatures in the pretreatnent catalyst section and the
hydr ocracki ng catal yst section of the reactor can be arbitrarily adjusted,
respectively so as to suppress the oxygen content of the distillate treated
with the hgfQirEabnbAte TRt ERy$tS tion athevela 19%eP ft Rark @ he? ¥FGresalr8 upper
limt. The average tenperature in the whole reactor is set to generally
from 180 16é9480T hopréfiersabt gef Ferh@R0tvo1400@ e er préferablY- from 260 to
360C. If the reaction tenperature is lower than 180C, the reaction would
not procegdOsifficaent Ighelfydiregeedctionr ¢ enperat ure tReesds AB0CTT
excessi ve deconposition would proceed and the yield of the liquid product
woul d be peéduces. 1T reagtgr mayebe 0f fa fdaixed bedlemdeonkhat iiosys supply
of hydrogen to the feedstock may be carried out in the formof counter flow

or paral | ghefd®wh AlH gdRalgarelys e saurer  liawtangd fad gkl € 41w 1@y s5be

conbined in a plurality of reactors. The supply node of the feedstock is

general | yygown dhowy i&@SrdiQ¥ud 1y space velocity is in the range
of 0.25 to 1.0 h™*, and the hydrogen/oil ratio is in
the range of 300 to 1000 NL/1. Each of the ccnditions
is a factecr exerting an influence on the reaction
activity. For example, if the hydrogen pressure and
hyvdrogen/oil ratio are less than the lower limits, the
reactivity tends to reduce, and the activity tends to
reduce rapidly. If the hydrcgen pressure and
hydrogen/oil ratioc exceed the upper limits, an enormous
plant investment for a compresscr may be required.
Lower liquid hourly space velocity tends to be more
advantageous for the reactions. However, if the ligquid
nourly space velocity is lower than the lower limit,
an enormous plant investment for construction of a
reactor with an extremely large volume may be required.
If the liquid hourly space velocity exceeds the upper
limit, the reaction tends to proceed insufficiently.

The reaction temperature can be arbitrarily

adjusted so as tc obtain the decomposition rate of the

intended heavy fraction of the feedstock or the
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cocurrent flow may be enployed. The reactor may be a single reactor

conbi nat

ion of a plurality of reactors. A single reactor with the interior

segnented into a plurality of catalyst beds nay al so be enpl oyed.

pr esent

fractionated into predeterm ned

invention, the distillate hydrorefined -18 in the reactor is

or a

In the

fractions through gas-liquid separation and

rectification. Thereupon, if noisture is produced in associated wth the

reaction and the sul fur conponents are contained in the oil to be treated,

hydrogen sul fide nmay be generated. Therefore, a gas-liquid separation

devi ce ori rafynaieher f by cpriosiiced «gias . r emoval h dewices ray h ber basital bgd bet ween

the plurality of reactors or in the product recovering step. Hydrogen gas
i's gener %Iém/;f(é RlfrQdee8d; Nk A i &8 o SEREMQ MBa 1S d @@é%i%ﬂﬁ%@@ny' ng

t he feedsto before or after the feedstock passes throug eatl ng
f ur nace. tred df Spaces

bgt ween t e ca?a%yst %Cémﬁdd 0(9%9519_ uraqrptégo#jﬁ%eacé{ag%%;} Eﬁﬁ

ur poses ont rol t rature | reactors_an mai nt ai ni n
the. hydr geeﬁrﬁ%*sgarfeﬂo%ea@wseﬂ% & Eator LI BR g § 5 wRBR A Sduced i n
such a ma is referred to as "guenchi ng. hydrogen”. The ratio of the
quenchi n d?%é@ﬁrtd:?ﬁéeﬁVﬂﬁb ehlf g gé&a ‘%d%ﬁﬁﬁéﬁ?f ngL ke HeRdst ock

is preferablg from10 to 60
r

prefreatment catalyst to & level lower than the
aforesaid upper limit. The average temperature in the
whole reactor is set to generally from 180 to 480°C,
preferably from 220 to 400°C, more preferably from 260
to 360°C. If the reaction temperature is lower than
180°C, the reaction would not proceed sufficiently. If
the reaction temperature exceeds 480°C, excessive
decomposition would proceed and the yield of the liquid
product would be reduced.

The reactor may be of a fizxed bed mode. That is,
supply of hydrcgen to the feedstock may be carried out
in the form of counter flow or parallel flow.
Alternatively, counter flow and parallel flow may be
combined in a plurality of reactors. The supply mode
of the feedstock 1is generally down flow. Gas-liguid
cocurrent flow may be employed. The reactor may be a
single reactor or a combination of a plurality of
reactors. A single reactor with the interior segmented
into a plurality of catalyst beds may also be employed.

In the present invention, the distillate hydrorefined

-18-

-



percent by volume, nore preferably from 15 to 50 percent by volune. The
ratio of less than the lower Iimt would cause a tendency that the reaction
at reaction sites in the subsequent stages does not proceed sufficiently.
-19 The ratio in excess of the upper limt would cause a tendency that the
reaction near the inlet of the reactor does not proceed sufficiently. The
support of the hydrogenation catalyst may be a porous inorganic oxide
containing two or nore elenents selected fromalum num silicon, zirconium
boron, titanium and magnesi um The support is enerally an

al uni na- cémt ai MEng ST A indr §ARICE bR aé.cd BkR e%ISFie&WéWl@cﬁﬁaonents
constituting the support include silica, titania, zirconia, boria and
magnesi a. L raEwet sgp@ortthrgumkefgaém%/lqu@@np%%pﬁéadma@ @drd ai ni ng alumina
and at | east one or nore conponents selected fromthe other constituting
conponent s.echhef suppot o n . may Har € hgrorcont & moplsdspher Us prr catidéeidoat o t hese
conponents. The total content of the conponents other than alumna is

pref erabl uwd9©01 % tteod 20 PRr€RBt rBY dMESH afor € hpr efiel Abkyc2nipooié&nper cent by
mass. If the total content is less than 1 percent by nmass, the resulting

catal yst faid &£ dror @bhaid i sufd bailest pat akybite SUri pae o gfea wndithkus woul d
be reduced in activity. If the total content is nore than 20 percent by
mass, thepgcl A& PRRARGIEE QS OffHdEe BURROS ta iPa bDGrieASEH, sBRSSHMEYon

device or any other by-produced gas removal device may

be installed between the plurality of reactors or in

the product recovering step.

Hydrogen gas 1s generally introduced into a first
reactcor via its inlet, accompanying the feedstock,
before or after the feedstock passes through a heating
furnace. BAlternatively, hydrogen gas may be
introduced from the spaces between the catalyst beds
or between a plurality of reactors for the purposes of
controlling the temperature in the reactors and
maintaining the hydrogen pressure over the whole
reactors. Hydrogen to be intrcduced in such a manner
is referred to as "quenching hydrogen". The ratio of
the quenching hydrogen to the hydrogen introduced,
accompanying the feedstock is preferably from 10 to 60
percent by velume, more preferably from 15 toc 50 percent
by volume. The ratioc of less than the lower limit would
cause a tendency that the reacticn at reaction sites

in the subsequent stages does not proceed sufficiently.
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| eading to a reduction in activity caused by the formation of coke. Wen
phosphorus is contained as a support constituting conponent, the content of
-20 phosphorus is from1l to 5 percent by nmass, nore preferably from2 to -
3.5 percent by mass in ternms of oxide. There is no particular restriction

on the raw materials that are precursors of silica, titania, zirconia, .
boria and nagnesia that are the support constituting conponents other than
al um na. Therefore, a solution containing silicon, titanium zirconium
boron or magnesiumis generally used. For silicon, silicic acid, sodium

silicateTrandraitliiccai sobkxamysbe fusade Bepdrtanminm wbhan umsyld a e,
titanium tetrachloride, and various al koxide salts may be used. For

zi rconi ume_rzdiéﬁggi um=sulfad @ it Yo A Altknxiide) e 8ab t s iBYr D8 c4sed. For
boron, boric acid nmay be used. For phosphorus, phosphoric acid and al kal

metal salfs s thereol  ARL N8 Ygetki dhenraw, mterial s of these support
constituting conponents other than alum™na are preferably added at any

stage prior {0168l Gl Bbbon ofe L SHRRAIS g RAl: ; £XAURLS, U haw qaLerial s

may be added to an a num ‘aqueous ron Ich'rs n-for Into an
al um num_ hydr oxi de, containingithese suggprt cgnstitutinq:econponents,

|
or may bé& 58%%)%8§F&§ﬂ%8 AU Ryt lining two or mo

elements selected from aluminum, silicon, zirconium,
boron, titanium and magnesium. The support is
generally an alumina-containing porous inorganic oxide.
Examples of other components constituting the support
include silica, titania, zirconia, boria and magnesia.
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 1l to 20 percent by mass,
more preferably 2 to 15 percent by mass. If the total
content 1is less than 1 percent by mass, the resulting
catalyst fails to obtain a sufficient catalytic surface
area and thus would be reduced in activity. If the
total content ismore than 20 percent by mass, the acidic
properties of the support is increased, possibly
leading to a reduction in activity caused by the
formation of coke. When phosphorus is contained as a

support constituting component, the content of
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hydroxi de gel. Alternatively, the raw materials nmay be added at a step of
kneading a m xture of water or -21 . an acid aqueous solution and a
comercially available alum na internedi ate or boehmte powder. Preferably,
t hese support constituting conponents are contained in an alum num
hydroxi de gel during the process of preparation thereof. Although the
mechani sm exhi biting advant ageous effects attained by addition of these
support constituting conponents other than alum na has not been el uci dated,
it is assunmed that these conponents forma conpl ex oxide state together
with al unfPR@EPRE IS thiis IFradsulred A hat PERISS | hcPease3 S Sthd"S6ff ace area of
t he support and'cause sonme interaction with the active netals, thereby

gi ving ipflefenceblno fhemadt itvdt§-6f aheceatallyst mapfe hydisdenat Phg

catal yst contains at |east one netal, preferably two or nore netals

sel ected barmd¢ he G oups 6A and 8 netals of the periodic table, as an
active netal. Exanple of such netals include Co-M), N -M, N -Co-MJ and
Ni -W Upon hydrogensd i 08, ntdeser tnriwal s rarre: somvdert 2dnt @rbet he trwew f or m of
sul fides before being used. The total supported anmount of the active

metals, herexagplse tNhand M pbsquef ebald yofremilP2cko 35 pendent by ness,

nore preferably from15 to 30 percent by nass,
zirconia, boria and magnesia that are the support
constituting components other than alumina.
Therefore, a solution containing silicon, titanium,
zirconium, boron cr magnesium is generally used. For
silicon, silicic acid, sodium silicate, and silica sol
may be used. For titanium, titanium sulfate, titanium
tetrachloride, and various alkoxide salts may be used.
For zirconium, zirconium sulfate and various alkoxide
salts may be used. For boron, boric acid may be used.
For phosphorus, phosphoric acid and alkali metal salts
thereof may be used.

The raw materials of these suppcrt 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 tec an aluminum
aqueous solution which is then formed inteo an aluminum
hydroxide gel ccntaining these support constituting
components, or may be added to a prepared aluminum
hydroxide gel. Alternatively, the raw materials may

be added at a step of kneading a mixture of water or
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in terns of oxide, of the catalyst mass. If the anbunt 1is less than 12
percent by mass, the catalytic activity -22 would be reduced because the
nunber of active sites is reduced. If the anount is nore than 35 percent by”
mass, the netals fail to disperse effectively, possibly leading to a
reduction in catalytic activity. The total supported anmount of Co and N is,
preferably from 1.5 to 10 percent by mass, nore preferably from2 to 8
percent by mass, in ternms of oxide, of the catalyst nass. If the amount is
|l ess than 1.5 percent by mass, a sufficient co-catalytic effect can not be
attai nedan possibhyuemdbngotlatai ceddetd en dompatal Y4l ¢ yactiyitub1df the
anount is nore than 10 percent by nass, the netals fail to disperse

ef f ect i vel MamPaSSiblve } RadING: £002 bbede!  eNpbh it al ybire @EERWItY, There
is no particular restriction on the nethod of supporting the acti've netals

on any ofdge Mgmw%wgt%ﬂyﬁt;sco%@éﬁrtes aw cf&mys@wdé’@; rmrfet hod

for prodUC|ng a usual desul furization catalyst nay be enploye thod is

preferabl hglyl ﬁlnh%gc%ggl%esugggrtdﬂfeb%grterggagﬁqj%gg 3, ol ution

contalnlng s ts of the rve met tivel an - equiTibrium

adsorPUL 0L JELNY BT ByIILLLDO, TRFRRy L LA Rieluelages mecho 1 al oo

the poreéﬁﬁ?ﬁ?€¥n§ Sﬂgﬁﬁéagzéﬁﬁsgr %éggagg%g¥%ed by addition
of these support constituting components other than
alumina has not been elucidated, it is assumed that
these components form a complex oxide state together
with aluminum. It is thus presumed that this increases
the surface area of the support and cause some
interaction with the active metals, thereby giving
influences to the activity of the catalyst.

The hydrcocgenating catalyst contains at least one
metal, preferably two or more metals selected from the
Groups ©A and 8 metals of the periodic table, as an
active metal. Example of such metals include Co-Mo,
Ni-Mo, Ni-Co-MQO, and Ni-W. Upon hydrogenation, these
metals are converted tobe in the formof sulfides before
being used.
The total supported amount of the active metals,

for example, Wand Mo is preferably from 12 to 35 percent
by mass, more preferably from 15 to 30 percent by mass,

in terms of oxide, of the catalyst mass. If the amount

is less than 12 percent by mass, the catalytic activity
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and then the support is inpregnated with the same volunme -23 of a netal salt
Solution. There is no particular restriction on the nethod of inpregnating
the support wth a solution. Therefore, any suitable nethod nay be used
dependi ng on the anmobunt of the metals to be supported and physical
properties of the support. Invention | is a gas oil conposition conprising

a fraction (environnent friendly base gas oil) and 50 to 300 ppm by mass of
a lubricity and satisfying predeterm ned performance requirenents, the
fraction being produced by bringing in the presence of hydrogen a

f eedst ockwebrpr bsi mpdnces mcws\eega%wemgatr ogndy ok L Hec 6ripfohent S
originating therefromand a sulfur-containing hydrocarbon conpound m xed

t her ewi t hrsdutded . t h& ft ohal aseldrnur icomene fianha5 méxcwret by fragh$ 1 ppm by
mass to 2 percent by mass, into contact with a catalyst conprising a porous
i nor gani cthexintet & brprii s1 hg ttomod Oe prree t e of i eleenent pcsed ebtlgd from

al um num silicon, zirconium boron, titaniumand magnesium and one or nore

types of neta@ﬂl&@ekesctaedréa@ratiba gerU@a@@msysibn@@iltthﬁoupseGA and 8
netals of the periodic table, supported thereon under conditions where the

hydr ogen @5%%slurs%¢§ofrrt%ra ZathQubd I}ﬁacé hendliguid pewdyrspace vebgcity is
from0.1 to 3. , the hydrogen oil ratiois from 150 to 1500 NL/L, and

the reaction tteamfbabté&ecéﬁtf QM50 60 A80C ANk BOrably from 2 to

8 percent by mass, in terms of coxide, 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
fail to disperse effectively, pcssibly leading to a
reduction in catalytic activity.

There is no particular restriction on the method
of supporting the active metals on any of the
hydrogenating catalysts. Therefore, any conventional
method for producing a usual desulfurization catalyst
may be employed. A method is preferably employed in
which a support is impregnated with a solution
containing salts of the active metals. Alternatively,
an equilibrium adsorption method, pore-filling method,
cr incipient-wetness method is also preferably used.
For example, the pore-filling method is a method in
which the pore volume of a support is measured in advance,

and then the support is impregnated with the same volume
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-24 to 300 ppm by mass of a lubricity inprover (LI). Invention Il is a gas
oil conposition conprising a base gas oil produced by m xing the fraction
(environnment friendly base gas oil) as produced above wth a petrol eum
hydrotreated oil having a mddle distillate (kerosene fraction and/or gas
oil fraction) refined fromcrude oil. The mx ratio, i.e., the environnent
friendly base gas oil : the petroleumhydrotreated oil is 10 to 90 percent
by volune : 90 to 10 percent by volune. The environnment friendly base gas
oil is blended in an anount of preferably 20 percent by vol une or nore,
nmore prefferabhy t301 perdent s by utol oife oITHr €, indrgo ppefef abluy HO percent by
vol ume or nore. Invention Ill is a gas oil conprising a base gas oi

produced Mys ArXididi 9 68 & PerEEAb DY 0l WPR eQfn a 81 AigX it & ShiphQ 4o 90
percent by volume of the fraction (environnment friendly base gas oil) as

produced hoyea 3 90110 10 PRECRI o bY , VIS B <& PELT ¢ eeegmtagyggg\%reat ed

oil having a gas oil fraction refined from Tcrude ol er cent

AR R U S T e G P
orl to t@%5%%2@é3m39€“§%§2§%%ﬁOLEJEQQQQJE93? gﬂe éa%port.
Invention I is a gas o0il composition comprising

a fraction (environment friendly base gas oil) and 50
to 300 ppm by mass of a lubricity and satisfying
predetermined performance requirements, the fraction
being produced by bringing in the presence of hydrogen
a feedstock comprising an animal or vegetable fat
and/or a component originating therefrom and a
sulfur-containing hydrocarbon compound mixed
therewith so that the total sulfur content of the
mixture is from 1 ppm by mass toc 2 percent by mass, into
contact with a catalyst comprising a porous inorganic
oxide comprising two or more types of elements selected
fromaluminum, silicon, zircenium, boron, titanium and
magnesium and one or more types of metals selected from
the grcoup consisting of the Groups 6A and 8 metals of
the periodic table, supported thereon under condlitions
where the hydrcgen pressure is from 2 to 13 MPa, the
ligquid hourly space velocity is from 0.1 to 3.0 h7%,
the hydrogen o0il ratio is from 150 to 1500 NL/L, and

the reaction temperature is from 150 to 480°C and 50
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fraction refined fromcrude oil is preferably 20 to 80 percent by volune :
80 to 20 percent by volunme, nore preferably 40 to 60 percent by volune : 60
to 40 percent by volunme. The mix ratio of the mxture to the petrol eum
hydrotreated oil having a kerosene fraction refined fromcrude oil is
preferably 90 to 55 percent by volune : 10 to 45 percent by volunme, nore
preferably 85 to 60 percent by volune : 15 to 40 percent by vol une.
Invention IV is a gas oil conposition conprising a base gas oil produced by
m xing 95 to 50 percent by volune of a fraction produced by subjecting a
mxture ‘b B0G cPD fer ceas shyo Vokureilof iche uf dmesat desi I(LFesulting from
m xi ng an ani mal or vegetable fat and/or a conponent originating therefrom
and a sul f ur - cat aenitnigo hydi o¢ ar bor acompblndosiwp ahat itche campall ssiut §ur
content of the mxture is from1l ppmby nmass to 2 percent by mass and 90 to
10 percenis bwyswol gae if 1 appetdwt edmbhy dracarbgnthavi hgaatgasnoil fraction
refined fromcrude oil described belowto a specific hydrotreatnment, with 5

to 50 percentyibyoNpkwte Of i andaef e eamyhydrot 1 eaked paid d haeidng o ker osene
fraction refined fromcrude oil. The mx ratio of the fraction to the

petrol eum, ; hydrot peatedh Ol hava Peta deregens fraghiongl 8 wigheeably 90 to
55 percent by volune : 10 to 45 percent -26 by volune, nore preferably 85 to
GOIKHCGn&ig%f@HHQE (kerosene fraction and/cr gas oil fraction)

refined from crude oil.

The mix ratio, i.e., the environment friendly base

gas 01l : the petroleum hydrotreated oil is 10 to 90

percent by volume : 90 to 10 percent by volume. The

environment friendly base gas o0il is blended in an

amount of preferably 20 percent by volume or more, more

preferably 30 percent by vclume or more, more

preferably 50 percent by volume or mcre.

Inventicn III is a gas o0il comprising a base gas

0il produced by mixing 95 to 50 percent by volume of

a mixture of 10 to 90 percent by volume cf the fractiocon

(environment friendly base gas o0il) as produced above

and 90 tc 10 percent by volume of a petroleum

hydrotreated 0il having a gas oil fraction refined from

crude c¢1l with 5 to 50 percent by volume of a petroleum

hydrotreated oil having a kerosene fraction refined

from crude oil.

The mix ratio of the environment friendly base gas

©il to the petroleum hydrotreated oil having a gas oil
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15 to 40 percent by volune. The conditions for hydrotreating a m xture of 10
to 90 percent by volune of the aforesaid oil resulting fromm xing an

ani mal or vegetable fat and/or a conponent originating therefromand a

sul fur-cont ai ni ng hydrocarbon conpound so that the total sulfur content of
the mxture is from1l ppmby nmass to 2 percent by mass and 90 to 10 percent
by volune of a petrol eum hydrocarbon having a gas oil fraction refined
fromcrude oil described bel ow are those for producing the above-descri bed
the environnment friendly base gas oil. Exanples of the petrol eum

hydr ot r egteglc oiilo rhave Agn eal mirshhec diastd |d At ei s epi-aad £ § pmycnude ©id i ncl ude
the hydrotreated oils of the follow ng petrol eum hydrocarbon having a gas

oi | fractjoncand pejrobaue hydgecar onohpd Aged kasPsena fract i@.cIn the
present invention, exanples of the petroleumhydrotreated oil having a gas

oi | fracty r.efd r [ hydr or gfi ned il and

hydrodesgl?@uﬁﬁ%%éjgggl @)itf)(gn ép:)dr3 du]éggnbﬂy%%mlr“égt ] ngbpggr%?gﬁqgﬁye r%car bons
(petrol eym hydraqcarbo havi ng as aid fracti.on_refined om crude oil)
such as Ls%? aVéﬁtu“b%’s o?ﬁeobr?]afiné:g%’%mogn 1557 &%Eﬁﬁgr in[cO d?t:iltei | lation unit

for crude oil, .vacuumgas A oil produced by treating straight heavy oil or
resi due Petroleum hy rotreat%d 01lc%a¥1ng a k€érosen %ractf%n

-

refined from crude o0il is preferably 90 to 55 percent
by volume : 10 to 45 percent by volume, more preferably
85 to 60 percent by volume : 15 to 40 percent by volume.

Invention IV is a gas 0il composition comprising
a base gas o0il produced by mixing 95 to 50 percent by
volume of a fraction produced by subjecting a mixture
of 10 to 90 percent by volume of the aforesaid oil
resulting frommixing an animal or vegetable fat and/or
a component originating therefrom and a
sulfur-containing hydrocarbon compcund so¢ that the
total sulfur content of the mixture is from 1 ppm by
mass to 2 percent by mass and 90 to 10 percent by volume
of a petrocleum hydrocarbon having a gas c¢il fraction
refined from crude o0il described below to a specific
hydrotreatment, with 5 to 50 percent by volume of a
petroleum hydrotreated o0il having a kerosene fraction
refined from crude oil.

The mix ratio of the fraction to the petroleum
hydrotreated c¢il having a kerosene fraction is

preferably 90 to 55 percent by volume : 10 to 45 percent
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obtained froman atnospheric distillation unit, in a vacuumdistillation
.unit, and catal ytic-cracked or hydrotreated oil produced by

catal ytic-cracking or hydrotreati ng vacuum heavy gas oil or desul furized
fuel oil. These petroleum hydrotreated oils nmay contain a plurality of
Jbase gas oil fractions and base kerosene fractions to an extent that the
predeterm ned conditions are satisfied. The hydrotreating of the
above-descri bed feedstock (petroleum hydrocarbon having a gas oi
fraction) is generally carried out under the conditions of a reaction

t enper at upg b LUTCE t onS26CP ra fw/riabden 8 Jprtes St @ @f c2ntto IO VIMPaiM&n*® LHSV of
0.1 to 2 h-1, and a hydrogen/oil ratio of 100 to 800 NL/L, preferably a
reaction 1énmer a4 Or epeafcddb toy 300Cumee 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,

nmore preferablyha eeaciionohemres athya reft 488t @8VCriat UryerogehOpr essure
of 3to 7 MPa, an LHSV of 0.3 to 1.2 h-1, and a hydrogen/oil ratio of 150

to 500 NL{E. 9 pleavednEeBGt QN (RAPSEAL HIe &if Adyantpgeousréeiilting
hydr ogenation but is not preferable for -28 desul furization. H gher the

hvdrogen pressue.and, hyxdnogend oi lo.r ablge s ecdestd furiczas iog and

ydrogenation are accel erated. However, their
component originating therefrom and a
sulfur-containing hydrocarbon compound so that the
total sulfur content of the mixture is from 1 ppm by
mass to 2 percent by mass and 20 to 10 percent by volume
of a petroleum hydrocarben having a gas c©il fraction
refined from crude 0il described belcw are those for
producing the above~described the environment friendly
base gas oil.

Examples of the petroleum hydrotreated oil having
a middle distillate refined from crude o0il include the
hydrotreated o0ils of the following petroleum
hydrocarbon having a gas o0il fracticon and petroleum
hydrocarbon having a kercsene fraction.

In the present invention, examples of the
petroleum hydreotreated o0il having a gas o0il fraction
refined from crude o0il include hydrorefined gas oils
and hydrodesulfurized gas oils produced by
hydrotreating petroleum hydrocarbons (petroleum
hydrocarbons having a gas o0il fraction refined from

crude o0il) such as straight gas o0il obtained from an
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econom cal optinmum points exist. Alower LHSV is advantageous for the

reacti on. However, a too |low LHSV s disadvantageous because an enor nbus

pl ant investnment for construction of a reactor with a large volune is

requi red. 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 conbination may be used. Hydrogen may be additionally

i ntroduced into the spaces between a plurality of reactors. The
hydrorefining unit may be provided with a gas-liquid separation systemor a

hydr ogen asithé k@@ e f 2OYAE tSVISE£81 oFhanrieadtd we rvygt e of {he gl eating
unit is preferably a fixed bed system Hydrogen nmay be supplied in

count er f lgw %raawéalb |19We‘éﬂtt1h1§; eée%tlgﬁ@ i bg Jfeedst in‘ ré(\égfa&é‘e
hydrotreatlng uni t has a plurality of reactors counterfl ow and parall el

flow may, gfar ggfomﬂ;% b%ggpgﬁl%f dhe %%&985 %genﬁra'éy down

flom/and |s pre y a gas I qui cocurrent Iom/nD fogen gas may

b i ed t d t tor for the -29
pur poses 61§ BRodl HOC LR BRGT! O heat Bra rer aaiyﬁgrce?%sgfﬁgﬁ g8f parti a

pressure. The catal¥st use for drotreatln L HPFISES a hydrogenatlon

active m&%ﬁrgﬁmﬁﬁ agd S d by ca ic~cracklng

hydrotreating vacuum heavy gas 01l or desulfurized fuel
oil.

These petrocleum hydrotreated oils may contain a
plurality of base gas o0il fractions and base kerosene
fractions to an extent that the predetermined
conditions are satisfied.

The hydrotreating of the above-described
feedstock (petroleum hydrocarbon having a gas oil
fraction) is generally carried cut under the conditions
of a reaction temperature of 170 to 320°C, a hydrogen
pressure of 2 toc 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?t,
and a hydrocgen/oil ratio of 150 to 600 NL/1l, more
preferably a reacticn temperature of 180 tec 280°C, a
hydrogen pressure of 3 to 7 MPa, an LHSV of 0.3 to 1.2
h™!, and a hydrogen/oil ratioc of 150 to 500 NL/L. A
lower reaction temperature 1is advantageous for

hydrogenation but is not preferable for
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support. The porous support may be an inorgani c oxide. Exanples of the
Inorgani c oxide include alumna, titania, zirconia, boria, silica, and
zeolite. In the present invention, the support is preferably conposed of
alum na and at | east one type selected fromtitania, zirconia, boria,
Silica, and zeolite. There is no particular restriction on the method of
produci ng the support. Therefore, there may be enpl oyed any nethod using
raw materials in the formof sols or salt conpounds each containing any of
the elenents. Alternatively, the support may be prepared by formng a

conpl ex oRiede1l BRrAyRokPde suthoBersitheahdUnPagN FHTPEL A ? cORih,

alumna titania, silica titania, and alum na boria and then adding at any
step al urhiya 1 egehe Siok nreft jab uniugar e gdk s val hydi®éa decnoradsui t abl e
solution. Alum na can be contained in any ratio to other oxides on the

basi s of hiykr poeaus: supparte #Howeezrratleel confenevafr al tilietar is preferably
90 percent by mass or less, nore preferably 60 percent by mass or |ess, and
more prekeyabbyi4d pespeiimby pBSH1©0s kesisst of Ahd swppontiswass. -30 The
zeolite is a crystalline alumno silicate. Exanples of the crystalline

struct ureaidifd pele g SAus ash FeshBent agid i oRNd mRRAdeRE k. s Thesel gRoLiEEs  may
be those ultra-stabilized by a specific hydrothermal treatnent and/or acid

treatment ;o §PQ8@vantagecus because an enormous plant

investment for construction of a reactor with a large
volume 1s required.

The hydrotreating unit for hydreotreating 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 additicnally
introduced intoec 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 hydrotreating unit is
preferably a fixed bed system. Hydrogen may be
supplied in counterflow or parallel flow with respect
to the feedstock. When the hydrotreating unit has a
plurality of reactors, counterflow and parallel flow
may be combined. The supply mode of the feedstock is
generally down flow and is preferably a gas-liguid
cocurrent flow mode. Hydrogen gas may be supplied as

quencher into a middle portion of a reactor for the
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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 type are preferably
ultra-stabilized. The ultra-stabilized zeolite have a mcro porous
structure peculiar thereto, so-called mcro pores of 20 A or smaller and
also newy forned pores in the range of 20 to 100 A The hydr ot her nal
treatment may be carried out under known conditions. The active netal of the

cat al yst I d r g n tal _selected fromthe

G oup GAP%SIteéj?égof O[]%e]%%;enroi odﬂlg {Cgﬁﬁ e %)?Q“gf eorlgbﬁygect OF e58 o S métl

sel ected fhrom I\/%'r ive may be a conbination of the G oup
6A net al & Ehd"Y &H)e]% P@t%‘f%a sé’erc‘??is(‘:leﬁq‘y a conbination of M or W and Co
or Ni, such as Co- M, Ni - W -Ni - Mo and Co-N -W The netal

sour ces of thegé‘ené%%ﬂ:@lﬁ’éyt b‘éseidndfrcg’énhé’dsrél?%eé‘rtlc‘b‘BrpFé‘%‘%léJrFe@orﬁpounds

whi ch have been conventionally used. The nmethod of supporting the netal
may be ahy DfO genRdds0 BuEt bl ViemTee SR én sahRP Part ©d 3enexkhpAge Whi ch are used
for a hydrogenation catalyst. Wen a plurality of nmetals are supported,
t hey nayshepsuppor tléde ys? ngua miuyab 50l aiyoinet hereond rgtart he samele ti me.
Alternatively, a plurality of nmetals may be supported using solutions each
cont ai ni Bk anylefs the tiet al scana i tewandehdmc Thdse aetali nso) uti ons may
titania, zirconia, boria, silica, and zeolite. 1In the
present invention, the support is preferably composed
of alumina and at least one type selected from titania,
zirconia, bocria, silica, and zeoplite. 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
be contained in any ratio to other oxides on the basis
of the porous suppcrt. 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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be aqueous solutions or those produced using an organic solvent. The

netal (s) may be supported on the porous support after conpletion of all the
steps for preparing the support. Alternatively, the nmetal (s) may be
supported on the porous support in the formof a suitable oxide, conplex
oxide or zeolite produced at the internediate stage of the preparation of
the porous support and then nay be subjected to gel-preparation or

heat - concentrati on and kneadi ng. There is no particular restriction on the
anount of the active netal (s) to be supported. However, the amount is from
0.1 to 10 percefibebyzemdd t preserabt yystreom Ongs5 abuBiper cehtl LUs\a hiss, nore
preferably from 0.2 to 3 percent by nass on the basis of the catalyst

mass. TheEcatrap Ysts it ptefeerabyy tuskedi akt evt rticitsirsubjnectedet o a
pre-reduction treatnent under a hydrogen stream In general, the active

met al (s) & pabliect edped? 401 heatarad AGQAG @fi i hiegherThasaccosdancee s th the
predeterm ned procedures, circulating a gas containing hydrogen and then

reduced, theyeby expréing1dwysregenstionactbyi by spactife present invention,
exanpl.es of the petroleumhydrotreated oil having a kerosene fraction

refined fromeoude Qid1i pelude, bydr atyreal £d; K&IPI8NEStment or those

whose alumina content is adjusted. Preferred zeoclites
are those of faujasite and mordenite types, and
particularly preferred zeolites are those 0of Y and beta
types. The zeolites of Y type are preferably
uitra-stabilized. The ultra-stabilized zeolite have
a micro porous structure peculiar thereto, so-called
micro pores of 20 A or smaller and alsc newly formed
pores in the range of 20 to 100 A. The hydrothermal
treatment may be carried out under known conditions.
The active metal of the catalyst used for
hydrotreating is at least one metal selected from the
Group 6A metals of the periodic table, preferably at
least cne metal selected from Mo and W. The active
metal may be a combination of the Group 6A metals and
Group 8 metals, specifically a ceombination 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 scurces of these metals may be
inerganic 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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produced by hydrotreating petrol eum hydrocarbons such as a straight
and a
hydr ot reat ed kerosene co-produced with hydrotreated gas oil.
hydrotreati ng of the above-described feedstock (petroleum hydrocarbon
having a kerosene fraction) is generally carried out under the conditions
of a reaction tenperature of 220 to 350C, a hydrogen pressure of 1 to 6
MPa, an LHSV of 0.1 to 10 h-1, and a hydrogen/oil ratio of 10 to 300 NL/L,

ker osene produced by atnospheric-distillation of crude oi

Th

e

preferabl ctij.o enper at ur f 250 to 340C, hydr ogen ressure of 2
to 5 M%i an th b h%?g har 58@&“%% ¥§t ?l§@§o 200
NL/ T, referibk%y_a reac ion t;nperature of 270 to 330C a hydrogen
pressure D FPAUPE L hY PHoTDF 225t ¢ 1D RUPP U Ayt bgBANoiS rati o of

50 to 200 NL/L. A lower reaction ¢tenperature is advantageous for
hydr ogen&URIFCBGEd s1S33 Nt Pi 8REr abP & UftdrO e BIFIR ? Zakitort N i & t he
hydr ogen pressure and hydrogen/oil ratio, nore desulfurization and
hydrogen&ﬁﬂm@-aréléct@m@téﬂ@ﬁly;F@Mﬂwbﬂﬁaﬂhbtv edonoated s opaiymlne poi nt s
exist. A lower LHSV is advantageous for the reaction. However,
LHSV i s diuggdyanteateos s necaube tarmenoeaads cphartin hugstament oot he
construction of a reactor with an extrenely large volunme is required.
metals one after another. These metal sclutions may

a too | ow

be agqueous solutions or those produced using an organic
solvent.

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

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

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

stream. In general, the active metal(s) are subjected

-32 =
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The hydrotreating unit for hydrotreating the feedstock nmay be of any
Structure, and a single or a plurality of reactors in conbination nay be
used. Hydrogen nay be additionally introduced into the spaces between a
plurality of reactors. The hydrotreating unit may be provided with a
gas-liquid separation systemor a hydrogen sulfide renmoval system The
reaction systemof the hydrotreating unit is preferably a fixed bed system
Hydrogen nmay be supplied in counterflow or parallel flowwith respect to
t he feedstock. Wen the hydrotreating unit has a lurality of reactors,
count er f | ow drek pardl |20 0fICow r mhy ddee € oAb r@@l@oﬂw‘gﬁ%gﬁpl‘@%déh@f t he
feedstock is generally down flow and is preferably a gas-liquid cocurrent
f 1 ow nodep ridydk ogemigasd mayo be csuppki edi as u lpencler gasocaniriaddh ngorti on
of a reactor for the purposes of renpbving the reaction heat or increasing
-34 the hygrdogesepardr @l tpreasstedn cig, catad ysb yusetde tari rhydrotreating
conprises a hydrogenation active netal supported on a porous support. The

por ous suaggpgoggﬁandgnpg&gy§vh@@rganlc oxi de conposed of mainly alum na.
Exanpl es of th i norgani c oxide include alumna, titania, zirconia, boria,

silica, and zeokht &nd Nokhe A esenlyd Ay el ONex dfle1 SYPROr Lehe pref erably
conposed of al um na and at least one type selected fromtitania, zirconia,

bori a, petroleum hydrotreated oil having a kerosene fraction

refined from crude 0il include hydrotreated kerosenes
produced by hydrotreating petroleum hydrocarbons such
as a straight kerosene produced by
atmospheric-distillation of crude o0il and a
hydrotreated kerosene co-produced with hydrotreated
gas oil.

The hydrotreating of the above-described
feedstock (petroleum hydrocarbon having a kerosene
fraction) is generally carried cout under the conditions
cf a reaction temperature of 220 to 350°C, a hydrogen
pressure of 1 to 6 MPa, an LHSV of 0.1 to 10 h™!', and
a hydrecgen/oil ratic of 10 to 300 NL/L, preferably a
reacticn temperature of 250 to 340°C, a hydrogen
pressure of 2 to 5 MPa, an LHSV of 1 to 10 h™!, and a
hydrogen/oil ratioc of 30 to 200 NL/1, more preferably
a reaction temperature of 270 to 330°C, a hydrogen
pressure of 2 to 4 MPa, an LHSV of 2 to 10 h’l, and a
hydrogen/cil ratio of 50 to 200 NL/L. A lower reaction

temperature is advantageous for hydrogenation but is
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silica,
pr oduci n
raw mat

conpl ex

al um na

step alu
sol ution
basi s of
90 perce
nore pre

al um no

specific

nor deni t
bet a

and zeolite. There is no particular restriction on the nethod of

g the support. Therefore, there may be enpl oyed any net hod using
erials in the formof sols or salt conpounds each containing any of
the elenents. Alternatively, the support may be prepared by formng a

oxi de or hydroxide such as silica alumna, silica zirconia,

titania, silica titania, and alum na boria and then adding at any

mna in the formof alumna gel, a hydroxide, or a suitable

Lpa _c e cont ai_ned, Ln_an ercentage to other oxides on the
hd%Lw}e%efgblg ﬁbr é¥2&¥ugﬁ2%§ﬁ9&ﬁ 198 i h eis;nefer&ﬂy
t nmass or | ess, nore referably 6Q percent by nass or |ess,
Pt a6 Hersarte baniadly F ) ogft DRet Lappdip Hinss  These
conditions and the catal yst are not particularly -35 restricted as |ong as
t he prop8ftSestsf tFrt LeddsiBek A0 g5tiatied. amhe 2esigteriatederystal line
silicate. Exanples of the crystalline structure include faujasite,
pent asi | Hoatrlveprderieér Fhespordatdiesp haube AdbBE sulex asdt-abidi zed by a
hydr ot hermal treatnent and/or acid treatnent or those whose
al um na tconentLHSVatlpugstedhn Pagkerusd ceot hteseaartel dhose Hafwé agjrasi t e and
e types, and particularly preferred zeolites are those of Y and

t"he porous suppor eV €

a tco low LHSV is disadvantageous because an enormous
plant investment for construction of a reactor with an
extremely large volume 1is required.

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

purposes of removing the reaction heat or increasing
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types. The zeolites of Y type are preferably wultra-stabilized. The
ultra-stabilized zeolite have a mcro porous structure peculiar thereto,
so-called mcro pores of 20 A or srmaller and also newy forned pores in
the range of 20 to 100 A. The hydrothernmal treatnment nay be carried out
under known conditions. The active netal of the catal yst used for
hydrotreating is at | east one netal selected fromthe G oup 6A netals of
the periodic table, preferably at |east one netal selected from M and W
The active netal may be a conbination of the Goup 6A netals and Goup 8
met al s, spééi fhedrlwen coalitnad L oR XTsfS#IE- W and Co or Ni, such as Co- M,
Co-W N -M, N-W Co-N-M, and Co-N-W The netal sources of these netals
may be inorganTbesalasabyscompsed saln tpdpounusadiinch hame ri-86sbeéen
conventional ly used. The nethod of supporting the netal may be any of

met hods shghl msg & neEeriss on aarndi venmesxzhasgeo ik tle dArenused ¢ oo ug

hydr ogenation catal yst. Wen a plurality of netals are supported, they may

be suppostgdhdstnNg FHE X6 §QlsUkh@b & her pafy ate the csades theeganic
Alternatively, a plurality of netals may be supported using solutions each

cont ai ni ng3N¥e OF ok} s BBE &) 5 ARG rAf} en18R0IAST . TheSey Mekalo sokutd ons may
be aqueous sol utions or those produced using an organic solvent. The

metal (s) Q%%g@aﬁﬂ@xgﬁfgeoqﬂgfu%%wﬁﬁumina, titania, =zirconia,
boria, silica, and zeolite. In the present invention,
the support is preferably composed of alumina and at
least one type selected from titania, zirconia, boria,
silica, and zeolite. 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
centaining any of the elements. Alternatively, the
support may be prepared by forming a complex cxide or
hydroxide such as silica alumina, silica zirconia,
alumina titania, silica titania, and alumina boria and
then adding at any step alumina in the form of alumina
gel, a hydroxide, or a suitable solution. Alumina can
be contained in any percentage to other oxides con the
basis of the porous support. However, the content of
alumina is preferably 90 percent by mass or less, more
preferably 60 percent by mass or less, more preferably
40 percent by mass or less, of the support mass. These

conditions and the catalyst are not particularly
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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

i nternedi ate stage of the preparation of the porous support and then may be
subj ected to gel-preparation or heat-concentration and kneading. There is
no particular restriction on the anount of the active netal (s) to be
supported. However, the armount is fromO0.1 to 10 percent by nmass,
preferably from0.15 to 5 percent by nass, nore preferably from 0.2 to 3
percent by gmsscerd hesbashy &fs thgeCatalpist £ 1BS S £ THReCatal ¥st oick
preferably used after it is -37 subjected to a pre-reduction treatnent

under a Rydroggn;st¢ygam In general, the active netal (s) are subjected to
heat at 200C or higher in accordance with the predeterm ned procedures,

o apanntd n 9% co0b3l B 00; IYNEGE. A0 LIEN S PSR Liguapy et ng

hydr ogenat i on act’i vi e gas oi onpositions o resent rnvention
th d db di 50 .t 00 b f, lybricity i
(L) to EREDRESE: Rl chPBed s BRNT IR 1T Bay Bade Saedgi | or’a mxture

thereof wth a petroleum hydrotreated oil and havigg a 95% distillation

temxHatéﬂ¥lﬁ53§GU(ﬁep }la Qﬂqumordenlte. ese zeoliltes

may be those ultra-stabilized by a specific
hydrothermal treatment and/or acid treatment or those
whose alumina content is adjusted. Preferred zeolites
are those of faujasite and mordenite types, and
particularly preferred zeolites are those of ¥ and beta
types. The zeclites 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 conditicns.
The active metal of the catalyst used for
hydrotreating is at least cne metal selected from the
Group 6A metals of the periodic table, preferably at
least one metal selected from Mo and W. The active
metal may be a combinaticn o¢f 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
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content of 10 ppm by mass or |ess, an oxygen content of 1 percent by nass
or less, a fatty acid al kyl ester content of 3.5 percent by mass or |ess,
an acid nunber of 0.13 ngKOH g or less, a nethanol content of 0.01 percent
by mass or less, a glyceride content of 0.01 percent by mass or |ess, and
.an HFRR wear scar dianeter (WSl1.4) of 460 pmor smaller. The lubricity

i nprover may be any one or nore types selected from carboxylic acid-,
ester-, alcohol- and phenol -based lubricity inprovers. Anong these
lubricity inprovers, preferred are carboxylic acid- and ester-based

| ubri ci t ybierpr overeenThe cat byxykbied .acith asethiogbpifcs tpriampk 6ver thgy - 38
be linoleic acid, oleic acid, salicylic acid, palmtic acid, nyristic acid
or hexademerai & meiydber znwi xfume toddbws wrh nese iofme hesecamdxybinc aci ds.
Exanpl es of the ester-based lubricity inprover include carboxylic acid
esters of eglocene. whiechcarboxydd & Bckdaf arm ngothea tcias hoxyltizcl aeitd est er
may be of one or nore types. Specific exanples of the carboxylic acid

include |iynalei g geidao] iCodCinthtasal apyd i§uF9iod_~,t@@I, Mttty agh ¢, bRyristic
acid or hexadecenoic acid. The anmount of the lubricity inprover to be

bl ended is%frst?&s%%%riwiég RPM DY eRBSS 06 tMTY:e 8Rd r300F PRI Whe MBaMEOr | €SS,
preferably ppm by nmass "or nore and 200

time. Alternatively, a plurality of metals may be
supported using solutions each containing any cf the
metals one after another. These metal solutions may
be agqueous 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 formoef a suitable
oxXxide, complex oxide or zeolite produced at the
intermediate stage of the preparation of the porous
support and then may be subjected to gel-preparation
or heat-concentration and kneading.

There is no particular restriction on the amcunt
of the active metal (s) to be supported. However, the
amount 1is from 0.1 to 10 percent by mass, preferably
from 0.15 to 5 percent by mass, more preferably from
0.2 to 3 percent by mass on the basis of the catalyst

mass.

The catalyst is preferably used after it is
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ppm by mass, nore preferably 100 ppm by nmass or nore and 150 ppm by mass or
| ess. When the lubricity inprover is blended in an anmount within these
ranges, it can effectively performits efficacy thereof. For exanple, in a’
di esel engine equipped with a distribution type injection punp, the
lubricity inprover can suppress the driving torque from increasing and can_
reduce wear on each part of the punp while the engine is driven.
Commercially avail able products referred to as lubricity inprovers are
generally obtained in a state wherein the effective conponents contributing

to an -3%UPEeVRIert ai prewrd ghty iafe thé st ad i tuh e sUL 1APh 8o gsal vent . In
the case where the gas oil conpositions of the present invention are

bl ended withe 2RY Off SUGh e cAMERH Al ¥t aval }n%twlr@g@d%te&s&@f%gg%&nt of

the effective conponent is preferably within the above-descr ranges.

The gas qi| osjti e .or t Jdnventjo ve n ssarily a 95%
distill a?ioonﬁggﬁpzér%t gr@?dg; &QG(S%@?S O\Al/erlrp, ggclsouﬁn?ag%ceon‘fg%t% oahio ppm by
mass or |es an_oxygen content of 1 perceft hy mass or less,. a fatty acid
ALKyl esPre TBREM L BF 090 & O5S TRRE Sy CREssy | B 1R 9arF &G AURBES of 0. 13
nmgKOH/ g or |less, a nethanol content of 0.01 percent by mass or |less, a

gl yceri d&YOhPER ARB. 01 $er E&5Y BF Imadst BF Soas e X8k d 1 ng

hydrocgenation activity.

The gas o1l compositions of the present invention
are those produced by adding 50 to 300 ppm by mass of
a lubricity improver (LI) to the above-described
environment friendly base gas o0il or a mixture thereof
with a petroleum hydrotreated oil and having a 95%
distillation temperature of 360°C or lower, a sulfur
content of 10 ppm by mass or less, an oxygen content
cf 1 percent by mass or less, a fatty acid alkyl ester
content of 3.5 percent by mass or less, an acid number
of 0.13 mgKOH/g or less, a methancl content of 0.01
percent by mass or less, a glyceride content of (.01
percent by mass or less, and an HFRR wear scar diameter
(WS1.4) of 460 pm or smaller.

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

The carboxylic acid-based lubricity improver may
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an HFRR wear scar dianeter (W51.4) of 460 pmor smaller. The cold filter
plugging point (CFPP) of the gas oil conpositions of the present invention
preferably satisfies the JIS No. 2 gas oil specification that is -5C or

| ower. The CFPP is nore preferably -6C or |ower, nore preferably -7C or
lower with the objective of preventing of plugging of the pre-filter of a
di esel powered autonobile. The cold filter plugging point used herein
denotes the cold filter plugging point mneasured in accordance with JIS K
2288 "Gas oil-Determnation of cold filter plugging point". -40 The pour
poi nt of bielgdse bel ccorpdsi t9 bR Cof e 7 edétl i AveRtdon PRy ierEFan y
satisfies the JIS No. 2 gas oil specification that is -7.5C or |ower. The
pour poi Acid, mye igrtet er abliyd -doG ex admeen@ilth a@ed efj écthvetsfr Securing
| ow-tenperature startability or drivability and retaining the injection
per f or maneg of woam elreotreom Lakhg sontrold @dyfidel @ajideti on punp. The pour
point referred herein denotes the pour point neasured in accordance with

JI'S K 2269 "TesEixignpeelod £ f 0h ePatis t Bei4ia asd CwwdilPainy obp@aderG | and
Petrol eum Products". The sulfur content of the gas oil conpositions of the

present inveniiLaR iSa PBERSSAL £l W clid ppRthyr 9B8F af 1 ykessin prefarably 5 ppm

by mass or less, nore preferably 3 ppmby nass or less, nore preferably 1

ppm by MIXZrboxylic acid forming the carboxylic acid ester may
e of one or more types. Specific examples of the
carboxylic acid include lincleic acid, oleic acid,
salicylic acid, palmitic acid, myristic acid or
hexadecenoic acid.

The amount of the lubricity imprcver to be blended
is necessarily 50 ppm by mass or more and 300 ppm by
mass or less, preferably 75 ppm by mass or more and 200
ppm by mass, more preferably 100 ppm by mass or more
and 150 ppm by mass or less. When the lubricity
improver is blended in an amount within these ranges,
it can effectively perform its efficacy thereof. 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.
Commercially available products referred to as

lubricity improvers are generally obtained in a state

wherein the effective components contributing to an
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or | ess

an engi ne and i nproving

The sul

wi th the objective of reducing poi sonous substances exhausted from

exhaust - gas post-processi ng system perfornmances.
fur content used herein denotes the mass content of the sulfur

-conponents on the basis of the total mass of a gas oil conposition neasured
in accordance with JIS K 2541 "Crude oil and petrol eum

product s- Determ nati on of sulfur content”.
conpositions of the present invention is necessarily 1 percent by nass
preferably 0.8 percent by mass or less, nore preferably 0. 6
percent bypvassefentestn M Peeter abty d0.14 Pedacentt bya mesS iphess,

or | ess,

The oxygen content of the gas oi

- 41

nost

preferably 0.2 percent by mass or less, with the objective of inproving
oxi dati oBogtathtitynThen @X¥aeyE CRALEY €RB RE s MBasureshpbih @3 sarvent i onal
el enental anal ysis device. For exanple, the oxygen content is neasured by

| i b t {
59, £ApLE e ol aum conbund o CRLaLd b o ST

converti

measuring th

using a t her ma conducti1 v

(1 2eh PoLBhggl. LS 087 o\l £OURES' 008,01, Lhew B SSght il oy Lo

preferab??m

conposi t
For the

point i's 1ower
be handl ed.as a s oill

YRR L R thodatchs Bl b

preferably 58C or higher. The fl ash

above~-described ranges.

The gas o0il compositions of the present invention
have necessarily a 95% distillation temperature of
360°C or lower, a sulfur content of 10 ppm by mass or
less, an oxygen content of 1 percent by mass or less,
a fatty acid alkyl ester content of 3.5 percent by mass
or less, an acid number of 0.13 mgKOH/g or less, a
methanol content of 0.0l percent by mass or less, a
glyceride content of 0.01 percent by mass or less, and
anHFRRwearscarcﬁameter(WSl.4)of4601nnorsmalle£.

The cold filter plugging point (CFPP) of the gas
01l compositions of the present invention preferably
satisfies the JIS No. 2 gas oil specification that 1is
-5°C or lower. The CFPP is more preferably -6°C or
lower, more preferably -7°C or lower with the objective
of preventing of plugging of the pre-filter of a diesel
powered automebile. The cold filter plugging point
used herein denotes the cold filter plugging point
measured in accordance with JIS K 2288 "Gas

oil-Determination of cold filter plugging point™.

—-4Q-

onposition for safety reasons.
g§1 5RCTIN® higher, nore
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point referred herein denotes the value neasured in accordance with JIS K
2265 "Crude oil and petrol eum products-Determ nation of flash point". The
cetane index of the gas oil conpositions 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 al dehydes, and NOx in the exhaust
gas woul d be increased. For the sane reasons, the cetane index is
preferably 48 or greater, nore -42 preferably 51 or greater. The cetane

i ndex used herein denotes the value cal culated in accordance with "8.4
cetane i ndex calldg R¢BR Retifidd uSihigevarisabliels C @HRSI It °pPesd i in JI'S
K 2280 "Petrol eum products-Fuel s-Determ nation of octane nunber, cetane
nunber and tabenitatl briestt ien ana & irierD 1 yThea téedniee si Adex TEEi Hod by t he
JIS standards is generally applied to gas oil containing no cetane nunber

i nmprover. gdpwevkrsp¢aitfhes pt ésent hiartverst +dn,5 “8.o4r datveme - i ndeve pealtul ati on
nmet hod usi ng vari ables equation" is applied to a gas oil containing a

cet ane nunbefnicnprovebre gndetthe all ye -abd atned t hewely wstal sohdefined as
cetane index. The cetane nunber of the gas oil conpositions of the present

invention disjpeefierabby 52cerr 0f gat 8t~ BMige rRrtel eEabky Ada ot 1greater, nore
preferably 5% or greater. |If the cetane nunber is |lower than 52, it is
likely thafrivapility and retaining the injection performance of
an electronically controlled fuel injection pump. The
pour point referred herein denotes the pour point
measured in accordance with JIS K 2269 "Testing Method
for Pour Point and Cloud Point of Crude 011 and Petroleum
Products™".

The sulfur content of the gas 0il compositicns of
the present invention is necessarily 10 ppm by mass or
less, preferably 5 ppm by mass or less, more preferably
3 ppm by mass or less, more preferably 1 ppm by mass
or less with the objective of reducing poisonous
substances exhausted from an engine and improving
exhaust-gas post-processing system performances. The
sulfur content used herein denotes the mass content of
the sulfur components on the basis of the total mass
of a gas o0il composition measured in accordance with
JIS K 2541 "Crude o0il and petroleum
products-Determination of sulfur content".

The oxygen content of the gas oil compositions of

the present invention is necessarily 1 percent by mass
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the concentrations of NOx, PM and al dehydes would be increased. There is no
particular restriction on the lower |limt of the cetane nunber. However,
with the objective of reducing black snoke in the exhaust gas, the cetane
nunber is preferably 90 or lower, nore preferably 88 or |ower, nore
preferably 85 or lower. The gas oil conpositions of the present invention
can be increased in cetane nunber by adding thereto an -43 adequate anount
of a cetane nunber inprover, if necessary. The cetane nunber used herein
denotes the cetane nunber neasured in accordance with "7. Cetane nunber
test netdwodleprsgsgrbeed idb IySOK 2380r tRettt W euihss or less, more

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

cal cul atg parefr £1£1 gng. kngex'ce dhe ganssbyoat 1486 ,0fd e a8 rRida 8 pYposi ti ons
of the present invention is preferably 750 kg/cnB or higher, nore

pref er ahj y43§3@rwrp@%5%_amgw,le@g,e_m_5ef§£a@fleyra?€93k9/.9 ecdiygher with
t he e of I

obj ect i i ensity is preferably

.

retaining the calorific value. The

850 kg/ Bl g QVEL 1%!3%,”&5@6?%% 8&@3;@!59@. Ue k@@%&ao pref erably

840 kg/cnmB or 1 ower “the obj ective reduci ng and em ssi ons.
31'S K 20l dah e & Ebhe g BBer & BUArEr GHRRFE Set SRR T on of densi ty
and petr{lggg%@e av?:tjir:gngnéog(%r%lnetsiQ%Seﬁ.deqnen?exrl%fa rearr]lcaelys:'Ls device.

For example, the oxygen content is measured by

converting a sample on platinum carbon to CO or further

to CO; and measuring the amount thereof using a thermal

conductivity detector.

The flash point of the gas 0il compositions of the

present invention is preferably 45°C or higher. 1If the
flash point is lower than 45°C, the composition can not
be handled as a gas o0il composition for safety reasons.
For the same reasons, the flash point is preferably 54°C
or higher, more preferably 58°C or higher. The flash
point referred herein denotes the value measured in
accordance with JIS K 2265 "Crude o1l and petrocleum
products-Determination of flash point".

The cetane index of the gas oil compositions of
the present invention is preferably 45 or greater. 1If
the cetane index is lower than 45, it is likely that
the concentrations cof PM, aldehydes, and NOx in the

exhaust gas would be increased. For the same reasons,

the cetane index is preferably 48 or greater, mcre
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tenperature (15C)". The gas oil conpositions of the present invention have
_.necessarily such a lubricating performance that the HFRR wear scar di aneter
(WB1.4) is preferably 460 pmor smaller, nore preferably 430 pmor snaller,
nore preferably 410 pmor smaller. If the HFRR wear scar dianeter (W51.4)
iS greater than 460 pm the -44 conposition would cause a di esel engine

equi pped with a distribution type injection punp in particular to be
increased in driving torque and in wear on each part of the punp while the
engine is driven, possibly leading not only to degradation of the exhaust
gas propepttieke rpipl wi5slo oo gtrtfed be ak dGME oFe £ AR SehFidfe? tSeAf1SARddE in an
el ectronically controlled fuel injection punp enabling a high pressure

i nj ecti oncdamearesn the shildiengcapantlsawed! dd ikeryp robouee FHe HFRR -iear scar
di aneter (WBl1.4) referred herein denotes the lubricity neasured in
accordanceetvhb JRId&S- 5r0O8ulGasi ol mefesd dng et hod aforablglicity”
prescribed in JPI Standard and Manuals Testing Method for Petrol eum

Products puhlkished 'byp réapani Petr ol eumrisnst . 2 Zisay €” Ps tnap panti cul ar
restriction on the aromatic content of the gas oil conpositions of the

present  igweahien - HOWeerpe t Be rdf QFBLI ANt ahe RUARRS Al ye 2@ maer cent
by volune or |ess, nore
number and calculation of cetane index”. The cetane
index defined by the JIS standards is generally applied
to gas oll containing no cetane number improver.
However, in the present invention, "8.4 cetane index
calculation method using variables equation" is
applied toc a gas 0oi1l containing a cetane number improver,
and the value cbtained thereby is alsc defined as cetane
index.

The cetane number of the gas oil compositions of
the present invention is preferably 52 oxr greater, more
preferably 54 or greater, more preferably 55 or greater.
If the cetane number is lower than 52, it is likely that
the concentrations of NOx, PM and aldehydes would be
increased. There is no particular restriction on the
lower limit of the cetane number. However, with the
objective of reducing black smoke in the exhaust gas,
the cetane number is preferably 90 or lower, more
preferably 88 or lower, more preferably 85 or lower.
The gas 0il compositions of the present invention can

be increased in cetane number by adding thereto an
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preferably 19 percent by volune or less, nore preferably 18 percent by
volunme or less with the objective of enhancing the environnent | oad .
reducing effects and reducing NOx and PM The aromatic content used herein
denotes the vol une percentage (volune o) of the aromatic conponent content
measured in -45 accordance wth JPI-5S-49-97 "Petrol eum
Product s- Det erm nati on of Hydrocarbon Types-H gh Performance Liquid

Chr omat ogr aphy” prescribed in JPI Standard and Manual s Testing Method for
Petrol eum Products published by Japan Petrol eumInst. The water content of
t he gas adkqonpesianionstofe f t de cprieseat numesti amp Borecessari |y 300 ppm by
volume or |ess, preferably 250 ppm by volunme or |ess, nore preferably 200

ppm by vekures 95 riyess mié hetheradeehbee 0f c gURRTESSH NGeadves serakf ects on
parts such as a fuel tank or hydrolysis of ester conpounds. The water

cont ent é@ft%rrr@dnbﬁrb%fl HeBQlse hhe el 8¢ oG #BE wdafi ned by J 5.K 2275
"Crude oil and petrol eum products- Deternlnatlon of mater content Wth

regard tguh@%fn é{lﬁ%ngxpgggg%Igrl |on‘{Iéh$ tlons of

t he present 1 nvention stl enpera ure |s prefergbly 360C
or | ower

particul%FP§ﬂﬁ?€F5 éﬁ?gl §%%%§%ﬁalk§%$gh t85%%§g§3%3P¥F?§$F3%{?b%%giature
number and calculation of cetane index"

The density at 15°C of the gas o0il compositions
of the present invention is preferably 750 kg/cm® or
higher, more preferably 760 kg/cm’ or higher, more
preferably 770 kg/cm® or higher with the objective of
retaining the calorific value. The density is
preferably 850 kg/cm® or lower, more preferably 845
kg/cm® or lower, more preferably 840 kg/cm’® or lower
with the objective of reducing NOx and PM emissions.
The density referred herein denotes the density
measured in accordance with JIS K 2249 "Crude petroleum
and petroleum products-Determination of density and
petroleum measurement tables based on a reference
temperature (15°C)”

The gas oil compositions of the present invention
have necessarily such a lubricating performance that
the HFRR wear scar diameter (WS1l.4) is preferably 460
pm or smaller, more preferably 430 uym or smaller, more
preferably 41C pm or smaller. 1If the HFRR wear scar

diameter {WS3S1.4) 1is greater than 460 um, the

-44-



exceeds the upper Iimt, the emssions of PMand fine particles would
Jncrease. The 95% distillation tenperature is preferably 280C or higher,
nore preferably 285C or higher, nore preferably 290C or higher, nore
preferably 295C or higher. If the 95%-46 distillation tenperature is |ower
than the lower limt, the resulting conposition would fail to attain a
sufficient fuel consunption inproving effect, resulting in the tendency
that the engine output is reduced. The 95% distillation tenperature
referred herein denotes the values neasured in accordance with JIS K 2254
" Pet r ol eudqitpdaditsi et epHilithtddasef @ dilsts ¢ Latnoi vha? a8HARSHi ¢3th There
is no particular restriction on the kinematic viscosity at 30C of the gas
oi | conposi diigrsr i bfutthen pt gpenti ri hwentlicon pHopever p atiiel ki heratticc be
viscosity at 30Cis preferably 2.5 mR/s or greater, nore preferably 2.7
mR/s or dgreatenseawrenprdefier abhy t 2 uend/rsd of ngwest eronl feadie kiamemati c
viscosity is lower than 2.5 mm2/s, it would be difficult to control the
fuel injectf @md ipninng wati L Ber huednhjrectiisod riun®n , Sp de s iandy | ubs deinty  at
each part of the fuel injection punp installed in an engi ne would be
reduced. THher khDemld QadsaesitYoat 0306HS Praberablyad Pl Se ot idHver,

nore preferably 4.7 nmm2/s or lower, nore preferably 4.5 m2/s or |lower. |f
the kinemyi€ a150 to the breakdown of the engine itself. Alsoc
in an electronically controlled fuel injection pump
enabling a high pressure injection, wear on the sliding
parts would likely occur.

The HFRR wear scar diameter (WS1.4) referred
herein denctes the lubricity 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.

There is no particular restriction on the aromatic
content of the gas o0l1l compositions of the present
invention. However, the aromatic content 1is
preferably 20 percent by volume or less, more
preferably 19 percent by volume or less, mocre
preferably 18 percent by volume or less with the
objective 0f 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
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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. The kinematic viscosity -47 referred herein ~
denotes the value neasured in accordance with JIS K 2283 "Crude petrol eum
and petrol eum products-Determ nation of kinematic viscosity and

cal cul ation of viscosity index from kinematic viscosity". The carbon
residue of the 10%distillation residue of the gas oil conpositions of the
present invention is necessarily 0.1 percent by nmass or |ess, nore

pr ef er abhy c@.f08a percent t hy JBBES56r-4®s58,7 nmopet rprladenably 0. 06 percent by
mass or less with the objective of reducing fine particles and PM and

ret ai ni ngrkier PesFuapacns it i ba exhadgltasa rpest -@g@f@%ﬂ@rﬁyst em
installed in an engine. The carbon residue of the 10%distillation residue

referredpcherpifadenotesqtinal dRAsHEAd: & Pagalef dapes Wi Belf S K 78270 " Crude
petrol eum and petrol eum “products-Determ nati'on of carbon residue”. The acid

e AR ko SRS Lons L, by PLESETLE) BUa Pl pecessar Ly
nunber g sateest Ded{es el At oWl LI K, 1T e act o

The water content of the gas 0il compositions of
the present invention is necessarily 300 ppm by volume
or less, preferably 250 ppm by volume or less, more
preferably 200 ppm by volume or less with the cbjective
of suppressing adverse affects on parts such as a fuel
tank or hydrolysis ¢f ester compounds. The water
content referred herein denotes the water content
defined by JIS K 2275 "Crude 0il and petrcleum
products-Determination of water content™.

With regard to the distillation characteristics
of the gas 0il compositions of the present inventicn,
the 95% distillation temperature is preferably 360°C
or lower, more preferably 340°C or lower, more
preferably 330°C or lower, particularly preferably
320°C or lower. If the 95% distillation temperature
exceeds the upper limit, the emissicons of PM and fine
particles would increase. The 95% distillation
temperature is preferably 280°C or higher, more
preferably 285°C or higher, more preferably 290°C or

higher, more preferably 295°C or higher. If the 95%
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adversely affected by acid conmpounds. Therefore, the acid nunber is
_preferably 0.10 ngKOH/ g or less, nore preferably 0.08 ngKOH g or |ess, nore
preferably 0.05 -48 ngKOH g or | ess. The acid nunber referred herein
denotes the total acid nunber nmeasured in accordance wth JI'S K 2501
'Petrol eum products and | ubricants-Determ nation of neutralized nunber”.
The fatty acid al kyl ester content of the gas oil conpositions of the
present invention is necessarily 3.5 percent by nmass or |less, preferably
2.0 percent by mass or less, nore preferably 1.0 percent by mass or |ess,
mor e pref édai! iyl @%m@mpbyarmsseoxsue@sem thant hécobjoetd § Vel B T/
preventing the deterioration of burnout properties of the conposition upon
conbust i ohhd nrapuéngimg. chhrep ¢ atittyl @ci doal kyl festlert coattet inref erred
herein denotes that neasured in accordance w th EN 14103. The net hanol
content obutfhei gasna | feenpasséhban t Dbt henpresdntig i averidon i S necessarily
0. 01 percent by nmass or |less, preferably 0.008 percent by nmass or |ess,

nore pref el v+ OnQO6L PEEERNt t &Y dFBESY OF hl8S5St h e g phef es @by t0. 085
percent by mass or less with the objective of preventing adverse affects on

a fuel inRjRGI4OR . SYSiam oThe d‘P&EQQQLaQQB%erﬁeﬁléfee.crar‘@Qreheﬂ@férQ@@t es that
measured in accordance with JIS K 2536 and EN 141

herein denctes the values measured in accordance with
JIS K 2254 "Petroleum products-Determination of
distillation characteristics™.

There 1s no particular restriction on the
kinematic viscosity at 30°C of the gas oi1l compositions
of the present invention. However, the kinematic
viscosity at 30°C is preferably 2.5 mm’°/s or greater,
more preferably 2.7 mm?/s or greater, more preferably
2.9 mm’/s or greater. If the kinematic viscosity is
lower than 2.5 mm?®/s, it would 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 at 30°C is preferably 5 mm’/s or
lower, more preferably 4.7 mm?/s or lower, more
preferably 4.5 mm?/s or lower. If the kinematic
viscosity exceeds 5 mm?/s, the fuel injection system
is destabilized duvue tc an increase in resistance
therein and thus the NOx and PM concentrations in the

exhaust gas are increased. The kinematic viscosity
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The gl yceride content of the gas oil conpositions of the present invention
is necessarily 0.01 percent -49 by mass or less, preferably 0.008 percent

by mass

or less, nore preferably 0.006 percent by nass or less, nore

preferably 0.005 percent by mass or less with the objective of preventing
affects on a fuel injection system The glyceride content referred

adver se

herei n denotes that neasured in accordance with EN 14105.

gas oil
nunber
nunber .

i mprover
i mprover
pr esent

i ncl ude

nitrate,
anyl nit
nitrate,
cycl ohex

| f necessary, the

conpositions of the present invention may be blended with a cetane

i nprover as much as is sufficient so as to enhance the cetane

Tha £etade HuABEh |dPheYeSs My ebe; ANY Ofm/AELQUSY ¢@nmpounds known as
a cetane nunber inprover for gas oil. Exanples of such a cetane nunber

alcRcd g n JH L ake €pt grx angg QrGGJ&&d@egfr)eggrer%-eede?ea%acet ane

s may be used al one or in conbination.

various nitrates such as
b

nitrate,

nunber

or use in the

bRyent § 9 Arer o QLA ED%%te‘;{@%P?r‘%g?h;% £ km%ﬂﬂ{%?éfhﬁityﬁ[ ﬁyl

-. i sZ-chf'croet ! - 2ethoxyethyl
e oS b Snit b B 4 Bl Sk Pty B e L RACEnddSh heyl

n-heptyl nitrate, n-o¢ctyl nitrate, 2-ethylhexyl nitrate,
FAARRPALE hhaCETYT Ene

The carbon residue of the 10% distillation residue
of the gas oil compositions of the present invention
is necessarily 0.1 percent by mass or less, more
preferably 0.08 percent by mass or less, mocre
preferably 0.06 percent by mass or less with the
objective of reducing fine particles and PM and
retaining the performances of the exhaust-gas
post-processing system installed in an engine. The
carbon residue of the 10% distillation residue referred
herein dencotes that measured in accordance with JIS K
2270 "Crude petroleum and petroleum
products~Determination of carbon residue”.

The acid number of the gas 0il compositions of the
present invention is necessarily 0.13 mgKOH/g or less

in view of adverse affects on engine parts. The acid

number indicates the free fatty acid amount in amixture.

If the acid number is larger, engine parts would be
adversely affected by acid compounds. Therefore, the
acid number is preferably 0.10 mgKOH/g or less, more

preferably 0.08 mgKOH/g cr less, more preferably 0.05

-48-
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glycol dinitrate. Particularly preferred are alkyl -50 nitrates having 6 to
8 carbon atons. The content of the cetane nunber inprover is preferably 500
ppm by nass or nore, nore preferably 600 ppm by nmass or nore, nore
preferably 700 ppm by nmass or nore, nore preferably 800 ppm by nass or

sore, nost preferably 900 ppm by nmass or nore on the basis of the total
mass of each of the gas oil conpositions. If the content of the cetane
nunber inprover is |less than 500 ppm by nmass, the cetane nunber i nproving
effect may not be attained sufficiently, leading to the tendency that PM
al dehydes m@REHNOK 9B g xhalibe geelfr oraab aredet fesagichel are bt reduced
sufficiently. There is no particular restriction on the upper limt content
of the cetametmunbenei prtover achichevenbetrheneipparrddnin aic- préfevcably 1400
ppm by nmass or less, nore preferably 1250 ppm by nmass or |ess, nore

pr ef er abl yw il B0 Jamn Ky 2 5tass" @r H ©s$ e umost r pdefer abbydl000 ppm by mass or

| ess, on the basis of the total nass of each of the gas oil conpositions.

The cet anel uphesan fHFOET e FRY et BBy Qff these r syNtkesi zedbier accor dance
wi th conventional nmethods or comercially available products. Such products

in the nanme of qel angrpyTheri d Pr RYAr «ftee Av@bhalder iffac skat@ s Wierein the
ef fective conponent contributing to an inprovenent in cetane nunber (i.e.,
cetane NUMbgR ositions of the present invention is necessarily

3.5 percent by mass or less, preferably 2.0 percent by

mass or less, more preferably 1.0 percent by mass or

less, more preferably 0.5 percent by mass or less with

the objective of preventing the deterioration of

burncout properties of the composition upon combustion

in an engine. The fatty acid alkyl ester content

referred herein denotes that measured in accordance

with EN 14103.

The methanol content of the gas o0il compositions
of the present invention is necessarily 0.01 percent
by mass or less, preferably 0.008 percent by mass or
less, more preferably 0.006 percent by mass or less,
more preferably 0.005 percent by mass or less with the
cbjective of preventing adverse affects on a fuel
injection system. The methanol content referred
herein denotes that measured in accordance with JIS K
2536 and EN 1411¢0.

The glyceride content of the gas 0il compositions

of the present invention is necessarily 0.01 percent

-4G-



-51 inprover itself) is diluted with a suitable solvent. |In the case where
the gas oil conpositions of the present invention are prepared using any of_
such commercially avail able products, the content of the effective
conponent is preferably within the above-described range. In addition to

t he cetane nunber inprover, the gas oil conpositions may be blended with ,
other additives, particularly preferably with a detergent. Exanples of the
detergents include ashless dispersants, for exanple, imde conpounds;

al kenyl succi nim des such as pol ybutenyl succinimde synthesized from

pol ybut eny| mauscci akc laydr atre fanda batyhyd e0@ 8pq) y areras; b UGG ¢ Coaci d

esters such as pol ybutenyl succinic acid ester synthesized from polyhydric

al cohol s sHel) aso penipaas &R0y and o Pobybutany! bEU%@ 41k Cognhyds gt e;
copol yneri zed polyners such as copol yners of dial kyl am noet hyl

et hacr yh gL es p :0f ¥ LI PNe. ab¥Cple MBLARCHY) flSs OF Lubwylayry o fdon and

al kyl met hacrylates; and Treaction  products-of carboxylic acids am nes.
g T LA £ D AR MAERY AR LT st sacty opy o ot s of
conbi natiggécvéhfgna% yaslti:(grqxl %Cé:i gilrgricdgrg.%ieusgghtaer}ltal ié(ear}yérré?iz

herein denotes that measured in accordance with EN

14105.

If necessary, the gas oil compositions of the
present invention may be blended with a cetane number
improver as much as 1s 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
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 Z-chloroethyl nitrate,
2-ethoxyethyl nitrate, isopropyl nitrate, butyl
nitrate, primary amyl nitrate, secondary amyl nitrate,
iscamyl nitrate, primary hexyl nitrate, secondary
hexyl nitrate, n-heptyl nitrate, n-octyl nitrate,

2-ethylhexyl nitrate, cyclohexyl nitrate, and ethylene

glycol dinitrate. Particularly preferred are alkyl
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succi nim de having a nol ecul ar wei ght of 1000 to 3000 may be used al one, or
.an al kenyl succinimde having a nolecular weight of 700 to 2000 and an

al kenyl succini mi de having a nol ecul ar wei ght of 10000 to 20000 nay be used
i n conbi nation. Carboxylic acids constituting reaction products of

.car boxylic acids and am nes may 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. Exanpl es of
fatty acids having 12 to 24 carbon atons include, but not limted thereto,
linol ei c &cittadks dadgéing Halmit8 cCa&P? aA8 WA i stic acid. Exanpl es of
aromatic carboxylic acids having 7 to 24 carbon atons include, but not
limted theretoThsenzont eact dodnd-hesakiehdte acimleAmlfEsredrstitating
reaction products of carboxylic acids and anm nes nmay be of one or nore
types. Typimafeexdnpy &0 ofpami hgsmasedohemeine , imekedprefigr abtl v 6kt ed
thereto, oleic amnes. Various amnes may al so be used. There is no
particul arpgesbli ald 06 6r wher apourir e op reffe debergent 0t pplie by endeds
However, the amount s preferably 30 ppm by mass or nore, nore preferably

60 ppm by Jmasss BE , MRl e I'PF € FRIref 181 g@bky 08%519%:@%5@%5 o0 dPEE, mes it he
basis of the total nass of each of the - conposi tions, because the

detergent LANFRFIOT M 658 ppm by mass or more on the basis of the

total mass of each of the gas 0il compositions. 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 the tendency that
PM, aldehydes, and NOxX in the exhaust gas frcm 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 cor less, more preferably 1100 ppm by
mass or less, most preferably 1000 ppm by mass cor less,
on the basis of the total mass of each of the gas cil
compositions.

The cetane number imprcver may be any cof those
synthesized in accordance with conventional methods or
commercia%ly available products. Such products in the
name of cetane number improver are available in a state
wherein the effective component contributing to an

improvement in cetane number {(i.e., cetane number
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effect to suppress a fuel injection nozzle from plugging. The effect may
not be obtained if the anbunt is |less than 30 ppm by nass. On the other
hand, if the detergent is blended in a too nuch anount, its effect as
bal anced with the amount is not obtained. Therefore, the anmount of the
detergent is preferably 300 ppmby nass or less, nore preferably 180 ppm by.
mass or | ess because the detergent nay increase the anounts of NOx, PM and
al dehydes in the exhaust gas froma diesel engine. Products in the nanme of
detergent are available in a state wherein the effective conponent

contri butiimporotveran 4 splayenentdiin Juddi eiityh of s idefwrgereyl vsntdil uted
with a suitable solvent. In the case where such products are blended with

the gas ol tpenpasid arRs Oft hd b PLaserlon Y8Rt 108 sthe 1a0atent sef,  he
effective conponent is preferably mnthrn t he above-describéd range. In

or der tol%urérbero%nmepkega&r@ er% ghsf %%(rﬁ I GRMA0S] Lhgns of the

present i nventi on, other itives erei nafter referred to

as other f%ervgé%rg 99£VGQ%1 cg%nﬁgx?Pooequh I%qefe i_n_conbi nati on.

Exanpl es el r'vVes T hclude M/rnpr vers suEﬁ Vas ethylene-
i - DaCEREF D VanPE:S MEF AP DoaELPveor EPeuCH 8y et RS Hef
derivatives; anti-icing agents such as

range.

In addition to the cetane number improver, the gas
0il compositions may be blended with other additives,
particularly preferably with a detergent.

Examples 0of the detergents include ashless
dispersants, for example, imide compounds; alkenyl
succinimides such as polybutenyl succinimide
synthesized from polybutenyl succinic anhydrate and
ethylene polyamines; succinic acid esters such as
poclybutenyl succinic acid ester synthesized from
pclyhydric alcchols such as pentaerythritol and
polybutenyl succinic anhydrate; copolymerized
polymers such as copolymers of dialkylamincethyl
methacrylates, polyethylene glycol methacrylates, or
vinylpyrrolidon and alkylmethacrylates; and reaction
products cf 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
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pol ygl ycol ethers; anti-corrosion agents such as aliphatic am nes and

.al kenyl succinic acid esters; anti-static additives such as anionic,
cationic, and anphoteric surface active agents; coloring agents such as
azo dye; and silicone-based defoam ng agents. The amounts of other additives
sray be arbitrarily selected. However, the anount of each of other

additives is preferably 0.5 percent by mass or less, nore preferably 0.2
percent by nmass or less, on the basis of the total mass of each of the
conpositions. [Applicability in the Industry] According to the present

i nvent i onsudeteiarale praviided yase bl Wonposetivhs @5m%piosq g a0 0C
environnent friendly base gas oil produced froman aninal or vegetable fat
and/ or a venpdnentsed gilnatengo 1t ket ef t emnand aukgldm thtide fproveg ian a
specific anobunt and as the result having excellent life cycle CO2 eni ssion
propertiesoloxtdatironvstaghid idy ard |ubri2di@§, anal |aof adhiehyare difficult
to achieve with the conventional gas oil conpositions. [Exanples] -55

Her ei naf t @iy c & DR iRriase€Ma ¥ Avienki @B 1w d L1 be wdesard ketl 1100 oOrecdetalos by way
of the follow ng exanples and conparative exanples, which should not be

construedng§ylbg1Rﬂﬂgth% Qgggglqﬂigbgnlnventlon (Exanples 1 to 4 and
Conparative Exanples 1 to 6)

Carboxylic acids constituting reaction products
of carboxylic acids and amines may be of one or more
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, lincleic acid, oleic
acid, palmitic acid, and myristic acid. Examples of
arcmatic carboxylic acids having 7 toc 24 carbon atoms
include, but nct limited thereto, benzoic acid and
salicylic acid. Amines constituting reacticn
products of carboxylic acids and amines may be 0of cne
or more types. Typical examples of amines used herein
include, but noct limited thereto, oleic amines.
Various amines may also be used.

There 1s no particular restriction on the amount
cf the detergent tc be blended. However, the amount
is preferably 30 ppm by mass or more, more preferably
60 ppm by mass or more, more preferably 80 ppm by mass

¢r more, on the basis of the total mass of each of the
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A vegetable fat having properties set forth in Table 1 was mxed with 5 ppm
by mass of a sulfur conpound (DMVDS:. dinethyl sulfide) to prepare a
feedstock (treated oil). The feedstock was reacted under the conditions

set forth in Table 2 to produce an environnment friendly base gas oi
(hydrotreated vegetable fat 1) as set forth in Table 3. The properties of a,
fatty acid nethyl ester produced by esterifying the vegetable fat set forth
in Table 1 are also set forth in Table 3. This fatty acid nethyl ester is
a nethyl ester conpound produced by reacting the vegetable fat with

met hanol cofvp €51 e orexcharge i eactipd was disgd nwhes £hn i £8k@r £ogpound s
produced by reacting the vegetable fat directly with an al kyl al cohol,

stirringeatrea:t em@ers’:\&ﬁyp%eqs 79Chr1  ong hOdE o A He zAresepes of an al kyl
catal yst(sodium nethylate). The environnent friendly base gas oil,

hyl - i fi e, f f] il which

rgtaype$§%?%%%%ﬁgégroi g%?%?ggfﬁ%Sggkﬁ%k%%éﬁ%t%g&g?%q%?%%%%&hﬁgggggducel;as
il iti Ex I 1.to 4 d ti Ex I 1. to.6). Tabl

3 and 5 SHow e B aHa PabPd F dithSor Tho Thas bRF TsGmpbT ¢ 1 6ne %nd the

resul ts qf nmeasurenent f the density at 15C kinematic,hviscosity at 30C,
flash pofAteSYUFPbr lc%rﬁgﬁpfied%(y]g%nac%ﬁtoeﬁ“ﬁ& amount, 1ts effect

as balanced with the amount is not obtained. Therefore,
the amount of the detergent is preferably 300 ppm by
mass or less, more preferably 180 ppm by mass or less
because the detergent may increase the amcunts of NOx,
PM and aldehydes in the exhaust gas froma diesel engine.

Products in the name of detergent are available
in a state wherein the effective component contributing
to an improvement in lubricity or to detergency is
diluted with a suitable solvent. 1In the case where such
products are blended with the gas oil compositions of
the present invention, the content of the effective
component is preferably within the above-described
range.

In order te further enhance the properties of the
gas 01l compesitions of the present invention, other
knocwn fuel o0il additives (hereinafter referred to as
"other additives" for convenience) may be used alone
or in combination. Examples of other additives include
cocld flow improvers such as ethylene- vinyl acetate

copolymers and alkenylsuccinic amides; phenol-~ and
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distillation characteristics, aromatic content, cetane nunber, cetane
.index, carbon residue content of the 10%distillation residue, water
content, and oxidation stability test (increase in acid nunber before and
after acceleration test) and the result of calculation of life-cycle Coe
«em ssion, of each of the gas oil conpositions. Properties of fuels were
determ ned by the follow ng nethods. The density indicates that neasured in
accordance wth JI'S K 2249 "Crude petrol eum and petrol eum

products-Determ nation of density and petrol eum neasurenent tables based on
a ref er enteinenper acdr e n(i15Cxidameski nerfea } ek sEasy 2 yoirsdissat les? § hat
measured in accordance with JIS K 2283 "Crude petrol eum and petrol eum
product s-$ef érng hatieon of r kiveenat €6 ;viscbsi-tiyc and ea ewt at isonclbf aw\ scosity
index from -57 kinematic viscosity". The sulfur content indicates the nmass

content ofolthe pabllure clogpened st or dder basicn ok gtehet & okalcmass  of the
conposition, neasured in accordance with JIS K 2541 "Crude oil and

pet rol eun pr @aduet scDREr Mt Batd o a0k S f Uk LORt BN . ad e @xygersgont ent was
measured by an el enental analysis nethod.
anti-staticd additives such as anionic, cationic, and
amphoteric surface active agents; coloring agents such
as azo dye; and silicone-based defcaming agents.
The amounts of other additives may be arbitrarily
selected. However, fthe amount of each c¢f other
additives is preferably 0.5 percent by mass or less,

more preferably 0.2 percent bymass or less, on the basis

of the total mass of each of the compositions.

[Applicability in the Industry]

According to the present invention, there are
provided gas ©il compositions comprising an
envircnment friendly base gas o0il produced from an
animal or vegetable fat and/or a component originating
therefrom and a lubricity improver in a specific amount
and as the result having excellent life cycle CO;
emission properties, oxidation stability and lubricity,
all of which are difficult to achieve with the

conventional gas oil compositions.

[Examples]
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Al'l of the distillation characteristics are values neasured in accordance
wth JIS K 2254 "Petrol eum products-Determ nation of distillation
characteristics". The aronmatic content denotes the volume percentage
(volume 9% of the aromatic conponent content neasured in accordance with
JPI -5S-49-97 "Petrol eum Products-Determ nati on of Hydrocarbon Types-Hi gh
Per f ormance Li qui d Chromat ography" prescribed in JPI Standard and Manual s
Testing Method for Petrol eum Products published by Japan Petrol eum I nst.
The water content denotes that neasured in accordance with JIS K 2275
"Crude oil andHpetaDhetime pr odhet sp Peksermt nahivem 0f onwatwer 1 gonteent -
Potentionetric Karl Fischer titration nmethod". The flash point denotes the
val ue neaswedibed aceondansedeittdt Ik Soly 2285 'oF ugBeoido aNd Wit §ol eum -58
products-Determ nation of flash point”. The total acid nunber denotes that

measur ed gigh mBCEQr g%@%dﬁ%ﬁ&'ﬁ%?@%:ﬁﬁ%é?' FHOIH QUShS ARGt be

| ubricants-Determ nati on of neutralized nunber”. The cetane | ndex used

e o B SN VRbS gl Aol Bty DByl s By o ane e
"Petrol ey, DroquGt sy Fuel sy Delher B ARp Lo ©f 9CANS DYTReT ) ¢oF apg

A vegetable fat having properties set forth in
Table 1 was mixed with 5 ppm by mass of a sulfur compound
(DMDS: dimethyl sulfide) to prepare a feedstock
{treated 0il). The feedstock was reacted under the
conditions set forth in Table 2 to produce an
environment friendly base gas o011 {(hydrotreated
vegetable fat 1) as set forth in Table 3.

The properties of a fatty acid methyl ester
produced by esterifying the vegetable fat set forth in
Table 1 are also set forth in Table 3. This fatty acid
methyl ester 1s a methyl ester compound produced by
reacting the vegetable fat with methancl. 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 o¢il,
methyl-esterified preduct of the wvegetable fat, and

hydrorefined oil which is a petroleum base 0il set forth
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nunber and cal cul ati on of cetane index". The cetane nunber referred herein
.denotes that measured in accordance with "7. Cetane nunber test method"
prescribed in JIS K 2280 "Petrol eum products-Fuel s-Determ nati on of octane

nunber, cetane nunber and cal cul ation of cetane index". (Calculation of
Jife cycle 002) Life cycle 002 was cal cul ated separately as the 002 emtted
as a result of conbustion of the gas oil conpositions in a vehicle equi pped
with a diesel-powered engine and as the CO2 generated from oil-well
drilling to gunpin to a vehicle fuel tank. The 002 emtted by conbustion
(her ei naf  Br T apdfeery 8§ &% tase n¢tgisk Too PWRSER 8028 Snad lc ATHP afed 1R St he

em ssions per unit calorific value of each gas oil -59 conposition on the

basi s of 08Xagnes8iors,tdridvi mynfudlompesfriadiieney Exatoiasl dehsi t9 when the
above vehicle test was carried out. The 002 generated fromoil -well
drilling to pubpbigdd anveh dleotuehet bidler(der 2tnaf tier eraeflero&dtheo as
"Well to Tank 002") was cal culated as the total 002 em ssions during a
sequence ghartding teemdderidird ) i agcoft @t eeisal 1 and odr udea si:lr anesour ces,

t hrough transportation, processing, and delivery, to punping to a

vehi cl &' sogag Héndenkare gabeuhason @fi ndihk ito v Tark 02y, athgeacgul ation
was carried out in

flash point, sulfur content, oxXxygen content,

distillaticn characteristics, aromatic content,

cetane number, cetane index, carbon residue content of

the 10% distillation residue, water content, and

oxidation stability test (increase in acid number

before and after acceleration test) and the result of

calculation of life-cycle Co; emission, of each of the

gas 0il compositicns.

Properties of fuels were determined 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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consi deration of the carbon di oxi de generated during the follow ng

(5B) events. Data required for the calculation was the oil refinery
operation performnce date possessed by the inventors of the prese
i nvention. (1B) Carbon di oxi de em ssions acconmpanied with the use o
for various processing devices and facilities such as boilers (2B)

di oxi de em ssions acconpanied with reformng reaction in a hydrogen
produci ng device in a processing using hydrogen (3B) Carbon dioxide
em ssions acconpanied with regeneration of a catalyst if the proces
carried kdutembhtdughvasdevs ceyduch as a catal ytic cracking device -
requiring continuous catalyst regeneration (4B) Carbon di oxide em s

when a gas oi |l TheOMIPBELirorR oS BR0AUWEede 8k ShitPpednats sYRkohara,+
delivered therefromto Sendai, Japan, and punped into a vehicle the

Carbon digxd dﬁu?’f‘@é'@@ﬁ Weon 23 n@heorba%/ggetoafblghgattoagyla

originating therefrom re obt ai ned from ayS|a or reglons tﬁérea
and S S [ ny
vegetablgﬁ%q{}Jl ggggg%élgnewf I@%?gﬁﬁﬁ ¢ En %ere P%%Pfﬁpﬁge g%g%e

eStaNISB%4i néxﬂggFEQEO%%dthaErJTES%r%¥B ﬁgég(%etermlnatlon

of sulfur content".

The oxygen content was measured by an elemental
analysis method.

All of the distillation characteristics are
values measured in accordance with JIS K 2254
"Petroleum products-Determination of distillation
characteristics"”

The aromatic content denotes the volume
percentage (volume %) of the aromatic component content
measured in accordance with JPI-5S-49-97 "Petroleum
Products-Determinaticn of Hydrocarbon Types-High
Performance Liquid Chromatography” prescribed in JPI
Standard and Manuals Testing Method for Petroleum
Products published by Japan Petroleum Inst.

The water content denotes that measured in
accordance with JIS K 2275 "Crude o0il and petrocleum
products-Determination of water content-
Potentiometric Karl Fischer titration method”.

The flash point denotes the value measured in

accordance with JIS K 2265 "Crude o0il and petroleum
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em ssions resulting from conbustion of such fuel is not counted is applied.
This rule was thus applied to the above-described "Tank to Weel C02"

cal cul ation. Tables 4 shows the "Tank to Weel CX2" and "Well|l to Tank C02"
em ssions as cal cul ated above as well as the total of these em ssions,
dq.e., life cycle C0O2 emssions (LC). Each of the results is quantified by
conparing it with the results of Conparative Exanple 1, the results of

whi ch was defined as 100. (Oxidation stability test) The fuels were
acceleratingty deteriorated at a tenperature of 115C under oxygen bubbling
for 16 hoprducks -Pt atind mawben oft t hé afiel Bowdst easur ed before and
after the test. The acid nunber referred herein denotes the total acid
nunber neasuredThe dorbadarcel dwntumide 8 K<2bote'sPeth et eura s odest siand

| ubri cants-Determ nati on of neutralized nunber”. As set forth in Tables 4
and 5, thacgasrd@iahcecomposi tdDHSKUSELD L n "tiheet exdrplrespandi cotrparaatd ve
exanpl es were produced by blending the environnment friendly base gas oil,

net hyl - estend f i ednRrpdbiet eafm 1 A8t i\ages ablre & ak a 1ange By dnaieéi-med oi | s which
are petroleumbase oils in specific ratios. As apparent from Tabl e 4,

Exanples 1 to 4T%er@é9anfehel@aw qQuERt Hd it &ndl i bAse <gas: 9kl & Anded

m xture thereof wth the petroleumhydrotreated oil were used
calculated in accordance with "8.4 cetane index
calculation method using variables equation'
prescribed in JIS K 2280 "Petroleumnm
products-Fuels-Determinaticn of octane number, cetane
number and calculation of éetane index". The cetane
number referred herein denotes that measured in
accordance with "7. Cetane number test method"
prescribed in JIS K 2280 "Petroleum

products-Fuels-Determination of cctane number, cetane

number and calculaticn of cetane index".

(Calculation of life cycle CO,)

Life cycle CO; was calculated separately as the
CC, emitted as a result of combustion of the gas oil
compositions in a vehicle equipped with a
diesel-powered engine and as the C0, generated from
0il-well drilling to pumping to a vehicle fuel tank.

The CO; emitted by combustion (hereinafter
referred to as “Tank to Wheel CO,” was calculated as

the emissions per unit calorific value of each gas oil
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and bl ended in ambunts within the range defined by the present invention
enabl ed the easy and certain production of gas oil conpositions that have a
sul fur content of 10 ppm by mass or |ess, an oxygen content of 1 ppm by
mass or less, a fatty acid al kyl ester content of 3.5 percent by nmass or

| ess, an acid nunber of 0.13 ngKOH g or |l ess, a nethanol content of 0.01
percent by mass or less, a glyceride content of 0.01 percent by mass or

| ess and an HFRR wear diameter (W5 1.4) and is less in life cycle carbon

di oxi de em ssions. \Wereas, -62 Conparative Exanples 1 to 6 wherein the gas
oi | conpesipdens iwet & prdgeaesswist BEUL YseRg ddeo BRECHIH 1oy 1 8RViEELRIMENt
friendly base gas oil failed to produce the conpositions intended by the

present prventiencyabhedl Meget aldestaly lynPRNSIAY GIR() e Ke/tB; 018
Ki nematic viscosity (100C nmmR2/s C nmass% 77.3 H mass% 12.0 N trogen

cont ent g@gg:pgggqu§rr§Qk{egugqntent mass% <1 Total acid nunber ngKOH g
0.07 Butyric acid group O ------------ ----mmommnas oo

Capr oi ¢ ad(jg&%%)ébz generated from oil-well drilling to
pumping te a vehicle fuel tank {(hereinafter referred
to as “Well to Tank C0,;”) was calculated as the total
CO; emissions during a sequence starting from the
drilling of material and crude o0il resources, through
transportation, processing, and delivery, to pumping
to a vehicle’s gas tank. For calculation of “Well to
Tank CO0;”, the calculaticn was carried ocut in
consideration of the carbon dicxide generated during
the fcllowing (1B) to (5B) events. Data required for
the calculation was the o0il refinery operation
performance date possessed by the inventors of the
present invention.

(1B) Carbon dioxide emissions accompanied with 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
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----------------------------------------- Caprylic acid group O
----------------------------------------- Capric acid group O
--------------------------------------- Ratio of fatty acid groups Lauric

acid group O in fat --------------- --P - e R Myristic acid
group | -------mmmme oo R LR R R mass% Pal mtic acid
Oroup 44 - - - oo e e e oo oo Stearic acid group 5

---------------------------- A eic acid group 39
-------------- ---- --------- Linoleic acid group 10 '
--------- regquiring- continuaus-catld hpeénixe@aen@ Foupn0 -63 Table 2
Hydrotreating catalyst Ni-M/silica -alumna Reaction tenperature C 280
Hydr ogen paBt)i alCgpriessurdel Y itk L&BVsks-1o0s5 whkydr egeyd ®i birlatio NL/ L 510
Tabl e 3 Hydrotreated Vegetable fat 1 Hydrotreated Hydrotreated
composition was produced or shipped at Yokohama, Japan,
delivered therefrom to Sendai, Japan, and pumped into
a vehicle there
(5B) Carbon dioxide emissions when an animal or
vegetable fat and a component originating therefrom
were obtained from Malaysia or regions therearound, and
a gas oil compoesition was produced in Yokchama, Japan.

If an animal or vegetable fat and a component
originating therefrom is used as fuel, a rule
established in Kyoto Protocol that the carbon dioxide
emissicns resulting from combustion of such fuel is not
counted is applied. This rule was thus applied to the
above~described “Tank to Wheel CO0,” calculation.

Tables 4 shows the “Tank tc Wheel CO;” and “"Well
to Tarnk CO;” emissions as calculated above as well as
the total of these emissions, i.e., life cycle CO:
emissicons (LC). Each of the results is guantified by

comparing it with the results of Comparative Example

1, the results of which was defined as 100,

(Oxidation stability test)

The fuels were acceleratingly deteriorated at a

temperature of 115°C under oxygen bubbling for 16 hours.
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vegetable fat 1 nmethyl ester oil 1 oil 2 Density (15C kg/nB 775 874 792
821 Kinematic viscosity (300 m2/s 4.1 5.1 1.3 3.6 Flash point C 116.0
content nmass ppm<1 <1 8 6 Oxygen content mass %
<0.1 11.9 <0.1 <0.1 Pour point C 20.0 12.5 <-30 -2.5 Cold filter plugging
point C 20.0 16.0 <-45 -1.0 10%Di stillation tenperature 285.0 335.0 168.0

181.0 41.0 72.0 Sulfer

188. 5

........................ Distillation 50% Di stillation tenperature 290.5

354.0 195H> 268i% chanpetrerd 8tthe .fuels. was .measured. before. and

359i)235ﬂl§§3t®e-testw--The-aoid-number-referred-herein-;-n
.................................................. 95% Di stillation

LSper al Y 3040 tn@4fol 3002 01 4 Bk E rCOU £8L r B &l nabmBi L §aeg ent <1 -

17.9

16. 2 Cet
0.01 -6
ester 10

........ with IS KT 250T RSSO b5 Bl 6O PMSG Sr 8RSt i ¢ content <1'- 17.0

ne nunber_80_52 45 57  Tot al id nunber . oH .01,0.32 0.00
iu%i{ﬁgazilt@é%el?teesm&bpr?trla?’i’lvé)%?nu:’éé:saefll gg?i T'gm%ﬁﬁ]jwr btreated oil
2 80 100 so Hydrotreated vegetable fat 1 100 20 Vegetable fat | nethyl

0 20

As set forth in Tables 4 and 5, the gas oil
compositions used in the examples and comparative
examples were produced by blending the environment
friendly base gas cil, methyl-esterified product of the
vegetable fat, and hydrorefined oils which are
petroleum base oils in specific ratios.

As apparent from Table 4, Examples 1 to 4 wherein
the environment friendly base gas o0ils and a mixture
thereof with the petroleum hydrotreated cil were used
and blended in amounts within the range defined by the
present invention enabled the easy and certain
production of gas cil compositions that have a sulfur
content of 1C ppm by mass or less, an oxygen content
of 1 ppmby mass or less, a fattyacidalkyl ester content
of 3.5 percent by mass or less, an acid number of 0.13
mgKOH/g or less, a methanol content of 0.01 percent by
mass or less, a glyceride content of 0.01 percent by
mass or less and an HFRR wear diameter (WS 1.4) and is

less in life cycle carbon dioxide emissions. Whereas,
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Lubricity Inprover mass ppm 150 150 150 150 150 Density (15C) kg/ns 775 813
821 874 832 Kinematic viscosity (30C) mms/s 4.1 3.8 3.6 5.5 3.9 Flash
point C 1le 77 72 181 73 Sulfer content mass ppm<1l 3 4 <1 3 xygen
content mass % <0.1 <0.1 <0.1 11.9 2.4 10%Distillation tenperature 285.0
193.0 188.5 335.0 194.0 ......... e e

........................................................ Distillation
char act eficnp 85 as30% O Bxianat €6n 1t ehpelfatwirer2d@ 5t R21.92 26813 354.0 289.0

......... compesitions were produced without using.the specific.....
......... environment.fr Ce8@% Pl d &l pd sonileppenaiding @Cﬂo@uabgtﬁe333 0
359.0 336.0 ....... e S
-------- compositions: inptended ‘by-the -present-invention.. ...
e 95% Di stillation tenperature 304.0 338.5
350.0 - 344.5 Aromatic content Total aromatic content <1 14.1 17.7 14.2
. . ... .. vol. %single ring
aromatic content <l 12.9 16.2 - 13.Q,Gaton nunber 80 62 57 62 58
T [ Vogetable.fat. e
i fpersivi5S),  ke/m® ] 818 | Cetane index 104
62 57 - 57 Carbon ;@ﬁhdm.&mp@mb*’cqjmzm% distil I ation resijdue nass ppm -
0.02 0.02 0.03 0. 0p—wter——content—ass ppm31—3 ; Fatty acid
methyl ester contelff /888 %0 0 0 98.0 19.8 NEthandl'3co ent mass %0 0 O
0.1 0 dyceride cpnt apdssyass %0 0 0 0.1 0 Totjal aeipd ngnber ngKOH g 0.01
0.01 0.01 0.15 0. 0% i i ter accel eration
test ngkOwy 0.01 OO eRF*®It 27 0 %S BRTRR Wear ter u m 284 315
345 185 240 Sulfer contant mass% <1
Total acid number mgKOH/g 0.07
Butyric acid group 0
Caproic acid group 0
Caprylic acid group 0
Capric acid group 1]
Ratio of fatty acid groups |Lauric acid group 0
infat  }F°7C T T
Myristic acid group 1
massh Palmitic acid group 44
Stearic acid group ]
Oleic acid group 39
Linoleic acid group 10
Linolenic acid group 0

-H3—



Vell to Wheel gCOs/ M 45.4 64.2 78.1 20.5 60.6 em ssions CO2 Rel ative val ue
45 64 100 21 67 -65 Table 5 Exanples Con arative Exanples 3 4 4 5 6
Hydrotreated oil 1 40 30 10 40 30 Hydrotreated oil 2 40 50 90 40 50
Hydrotreatd vegetable fat 1 20 20 Vegetable fat 1 nethyl ester 20 20
Lubricity Inprover mass ppm 150 150 150 150 150 Density (15C) kg/n8 600 803.
818 820 823 Kinematic viscosity (300 mR/s 3.0 3.2 3.3 3.4 3.5 Flash
Point C 58 59 62 56 60 Suffer contenj,,pgass ppm5 6 7 5 6 Oxygen content
mass %<1 d <1 2.4 2.4 Pour point C-7 -5-3 -7 -6 Cold filter plugging

point C-7.5 - . oyt 5 204.5
185.5 109. 5 20ftivgotreatingoatalyst ~~~ " 1 " Ni-Mo/silica-alumina .
------------ _JReaction temperature. - . . . ... .C oo 98B - - v v e e
oL e pas BIFSSHREY act dffest i.cs' 50% Distillation tenpefature
267.0 269.5 26fBHSV269.0 271.5 .. ... = 0.5

- — Hydrogen/oll ratio” ~*~ — * " " Nl 510

[ R e oC 90%

Table 3
Hydrotreated |Vegetable fat 1| Hydrotreated | Hydrotreated
vegetable fat 1] methyl ester oil 1 oil 2
Density (15°C} kg/m” 775 874 792 821
Kinematic viscosity (30°C) mm’/s 4.1 5.1 1.3 38
Flash point °Cc 116.0 181.0 41.0 72.0
Sulfer content mass ppm <1 , {1 8 6
Oxygen content mass % <0.1 119 <0.1 <01
Pour point °c 20.0 125 <=30 -25
Cold filter plugging point c 200 16.0 - <-45 -1.0
10% Distillation temperature 285.0 335.0 168.0 188.5
el T sy T T
°c 90% Distillation temperature 301.0 359.0 2350 333.0
95% Distillation tomperature | 3040 | - aa0 | 3500 |
Aromatic content | otal aromatic content <1 - 17.9 17.7
vol. % Single ring aromatic content | <1 | - | 7o | 162
Cetane number 80 52 45 ' 57
Total acid number mgkKOH/g 0.01 0.32 0.00 0.0
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95% Di stillation tenperature 342.0 343.0 345.5 343.5 344.5 Aronmatic content

JJot al

aromatic content 14.2 14.2 17.7 14.2 14.2

................................................ . vol. %Single ring
aromatic content 13.3 13.2 16.2 13.3 13.2 Catane nunber 59 61 57 58 59
e e e Tabled. . . . . e
............................ Cabana i ndgx—682g*5858—5872 res) due
cont ent fof—+6%4-gi-st-tt-ati-or—eseue—rass1opih-04+-0+=0—P+0—a+—604-0-04H Fatty
avi d metfhy¥B8¥E? content—"as %000 1918 10y bt 881 lcontedt Bask %0 0
000 Gy : 0.0 00 ¢ Phral Rci kel MKOHLG-P. 00
0.01 0.1 Vﬂ""ﬁﬁfa"(‘)ﬂﬂ“l‘m? eni ssions WAI |_tq \Wheell g Ml_64 9512 #3 N 67.1
67.5 R4l afitréerorey] 1o 8888 100 86 86  HF VYean Sar]l DiAnet el Uim'®15 305
345 240 |225s @i dat i onkest abi ity test |ndredSelirt'3ac) d&hu be?”iﬂ;_KﬂJ 0.01
0. 00 0. (0 k@rdidis@s:2# -6Bs Cl ains 1. A gad o#l d¢omgos) tison lcompriisixng:] a
fractior; reng+50 to 300 ppm by mass of ajlubsic¢ity ipprovar (L1) ,7 the
fractiorn BetbgeproduceagsRy bringing in thHe «presencel ofs hyldregen aafepdst ock
conpri siln@.ai.ed Ml Qksvegetable Tal and/@f § cenppnent |origi natisng
therefrdgmand a suffu noQMLALRLAL Nydrocdr gy ¢OREe UM (X Gk NER@W h so
that thg ,Qtlﬁat?'oll., cha?aytt!:n‘sfhlér 5&qnﬁ1a§on{emp9;mm[ hre iyt UZBOQ > 2';105 0 2'68.5p ma@ﬁﬁ %850 tp 2
per cent by mas f 90% Distillation temperature 301.0 3190 3330 a59.0 J36.0
95% Distillation temperature 304.0 3385 350.0 - 3445
Aromatic cortent Tatal aromatic cortent <1 141 17.7 - 142
vol % Single ring aromatic ortent <1 128 162 - 130
Cetane number 80 62 57 62 58
Cetane index 104 62 57 - 57
Carborresidue content of 10% distillation residus  mass ppm - 0.02 0.02 0.03 002
Water content mass pprm ) 35 35 78 46
Fatty acid methyl ester content mass ¥ 0 Q 0 68.0 19.6
Methanol contant masa % a o 0 01 0
Glyceride cortent mass % ¢] 0 0 0.1 0
Total acid number mgKOH/g 0.01 0.01 aa1 Q.18 0.04
Increase in acid number before and after acceleration test mgKOH/g 0.01 0.01 0.00 1.27 G622
HFRR Wear Scar Diameter Hm 284 k1] 345 185 240
' o Well to Wheel  gCO,/MJ 454 64.2 781 205 666
GO, emissions
Relative value 45 64 100 21 67
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contact with a catalyst conprising a porous inorganic oxide conprising two
or nore types of elenents selected fromalumnum silicon, zirconium

boron, titanium and rmagnesium and one or nore types of netals selected from
the group consisting of the Goups 6A and 8 netals of the periodic table,
supported thereon, under 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 from 150 to 1508dL/L, and the reaction tenperature

is fron[1I50 to 480C, the conposition ha o 70 (I @ BampksTPEF at ur e
of 360Clor lower, a sulfur content of 1§ gom Dvinags ar lless, an exygen
cont ent | ofwrdespeteent by nass or | ess, fatty a®i djal leyl [eswer {comt ent of
3.5 -6] pestesatizby nmass or | ess, an acid muniper soof | 0. %3 KeH/ or less, a
met hanoll eetkanienintd. 01 percent by mas$ ot lesa, § glyceride ¢onten{ of
0. 01 pelf C@dpdandd¥ 1 AAS SO ess, and an WFRR wear scaf di ametefo (i@l 4)1of 460
pm or $MBLkEleevs- A O@SeMl | CONPOSI U1 Of CRg PN 1 Sisd10] & O 1 {89 ogluced by
m Xi ng U0, @& PETCent by VOIUme Of a|TT@L T OTgedM {1 g0 10 0 PeTE&En by
vol unme kmemqtm)ngc%wqgu{;JUIll Lé/ur otTeat eu ort ndyol [ﬁi dazlll—lﬂdi By atg T pf i ned
from cr gret ﬁashpom, _ and :)u, to—300—7ppmbyags %él | &IH C1 Ezy MPLoveT éOLI ,
t he fra.’LIUTI_‘UCIIIg perUCGd by bllllylng -—the
Sulfer content mass ppm 5 [} 7 5 B
Cxygen content rass % <1 <1 <1 24 24
Pour point C -7 -5 -3 -7 -6
Cold fiter plugging point c -1.5 -15 =50 -5 -5
10% Distiltation temperature 2025 204.5 1855 1995 201.5
Distillation characteristics  [90% Distillation temperature ‘ 267.0 2695 2635 269.0 2715
¢ 90% Distiflation temperature 3285 2285 3255 3335 335.5
95% Distillation temperature 3420 3430 345.5 3435 3445
Aromatic content Total ararnatic content 142 14.2 17.7 14.2 142
vel. % Single ring aromatic contant 133 13.2 16.2 13.3 132
Cetane number 59 61 57 58 59
Cetane index 68 87 58 58 58
Garbon residue content of 10% distillation residue  mass p;;m om 0.01 0,01 0.01 0.01
Fatty acid methyl ester content mass % 1] 0 0 19.8 19.7
Methanol content mass % 0 0 b} 0 1]
Glyceride content mass % 0 0 0 ] \]
Total acid number mgKOH/g 0.00 L 00 0.01 0,06 0.08
60, emissions Well to Whael gCO,/MJ §4.9 65.2 78.1 87.1 675
Relative value 83 83 100 86 86
HFRR Wear Scar Diameter um 315 305 345 240 225
Oxidation stability test Inerease in acid number mgKOH/g 0.01 0.00 0.00 0.1% 0.24
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presence of hydrogen a feedstock conprising an aninmal or vegetable fat
«and/or a conponent originating therefromand a sulfur-containing

hydr ocar bon conpound mnixed therewith so that the total sul fur content of
the mxture is from1l ppmby nass to 2 percent by nmass, into contact with
~a catal yst conprising a porous inorganic oxide conprising two or nore types
of elenents selected fromalumnum silicon, zirconium boron, titanium and
magnesi um and one or nore types of netals selected from the group
consisting of the G oups 6A and 8 netals of the periodic table, supported

t hereon, under conditions where théllaydrogen pressure is from2 to 13 -68
MPa, the liquid hourly space velocity is fromO0.1 to 3.0 h-1, the hydrogen
oil ratiois from150 to 1500 NL/L, and the reaction tenperature is from
150 to 480C, the conposition having a 95%distillation tenperature of 360C

or lower, a sulfur pomtentocofll Womppmibyi ST dipkessin@an oxygen content of
1 percent by nmass or less, a fatty acid al kyl ester content of 3.5 percent

by mass or |ess; amaaci dopumhgigof 0.13 ngKOH g or less, a nethanol content
of 0.01 percent by mass or less, a glyceride content of 0.01 percent by

mass or |ess, apd an R NER) H£8% @ifa@eﬂ@ﬁr%&wm@ﬁré%ﬂomwr smal | er.
3. A gas oil conposition conprising: an oil produced by m xing 95 to 50

percent by the fraction being produced by bringing in the

presence of hydrogen a feedstock comprising an animal
or vegetable fat and/or a component originating
therefrom and a sulfur-containing hydrocarbon compound
mixed therewith so that the total sulfur content of the
mixture is from 1 ppm by mass to 2 percent by mass, into
contact with a catalyst comprising a porous inorganic
oxide comprising two or more types of elements selected
from aluminum, silicon, zirconium, boron, titanium and
magnesium and one or more types of metals selected from
the group consisting of the Groups 6A and 8 metals of
the periodic table, supported thereon, under
conditions where the hydrogen pressure is from 2 tec 13
MPa, the liquid hourly space velocity is from 0.1 teo
3.0 h™', the hydrogen ¢il ratio is from 150 to 1500 NL/L,
and the reaction temperature is from 150 to 480°C,
the composition having a 95% distillation
temperature of 360°C or lower, a sulfur content of 10
ppm by mass or less, an oxygen content of 1 percent by

mass or less, a fatty acid alkyl ester content of 3.5

Y



volunme of a mxture of 10 to 90 percent by volume of a fraction and 90 to
10 percent by volune of a petroleum hydrotreated oil having a gas oi
fraction refined from crude oil with 5 to 50 percent by volune of a

petrol eum hydrotreated oil having a kerosene fraction refined from crude
oil; and 50 to 300 ppm by mass of a lubricity inprover (LI) the fraction
bei ng produced by bringing in the presence of hydrogen a feedstock
conprising an animl or vegetable fat and/or a conponent originating -69

t her efrom anda sul fur-contai ni ng hydrocarbon conpound m xed therewith so
that the et abnsubfumacontentl of st,han soddreunsefr @M D PP RYKIBSSgL O 2
percent by mass, into contact with a catal yst conprising a porous 1norganic

oxi de comy i1sd 89, WOom@rt HDA 6 1t YRASt 8f telament §1 sgbectad: b [ omsal U pum
silicon, zirconium boron, titaniumand magnesium and one or nore types of

metal s salggl edof oy ke S OUBAGANSE SbiG 0f 1! Be. oHps AA aad B giptal s of

the periodic fabl € supported thereon, under co tions re the hydrogen

pressure.is_fro t t i quj 0 e locity.is fromO.1
R P A i SR g I T
reaction tenger ture is from 150 to 480C, the conposition having a 95%
distillation®P8nmpethture of 360C or lower, a sulfur content of 10 ppm by

mass or | ess, an oxygen content of 1 percent by

2. A gas o0il composition comprising:

an cil produced by mixing 10 to 90 percent by
volume of a fraction with 90 to 10 percent by wvolume
of a petroleum hydrotreated oil having a middle
distillate refined from crude oil; and

50 to 300 ppm by mass of a lubricity improver (LI),

the fraction being produced by bringing in the
presence of hydrogen a feedstock comprising an animal
or vegetable fat and/or a component originating
therefromand a sulfur-containing hydrocarbon compound
mixed therewith so that the total sulfur content of the
mixture is from 1 ppm by mass to 2 percent by mass, into
contact with a catalyst comprising a porous inorganic
oxide comprising two or more types of elements selected
from aluminum, silicon, zirconium, boron, titanium and
magnesium and one or more types of metals selected from
the group consisting of the Groups 6A and 8 metals of
the periodic table, supported thereon, under

conditions where the hydrogen pressure is from 2 to 13
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mass or less, a fatty acid al kyl ester content of 3.5 percent by nmass or
<l ess, an acid nunber of 0.13 ngKOH g or less, a nethanol content of 0.01
.percent by nass or |ess, a glyceride content of 0.01 percent by mass or

| ess, and an HFRR wear scar diameter (W51.4) of 460 pm or smaller. 4. A gas
*oi | conposition conprising: an oil produced by m xing 95 to 50 percent by
-70 volune of a fraction with 5 to 50 percent by volune of a petroleum
hydrotreated oil having a kerosene fraction refined fromcrude oil; and 50
to 300 ppmby mass of a lubricity inprover (LI) , the fractiaon being
produced B¥ abr ity® nd Loy & heh oprekene@ aste hyadGfeht 1 AisxtiufF @™o’ -10 £6 90
percent by volune of an oil conprising an aninmal or vegetable fat and/or a
conponent 3 ofi §i hattithg therefareomaaint ma subf us- ERmail Bidng chydridt alboh conpound
m xed therewith so that the total sulfur content of the mxture is from1l
ppm by nmassdt &:2e peecent 1 by nesspand t ®et d 10f permcent Oby ovod BfE Cof a
petrol eum hydrocarbon having a gas oil fraction refined fromcrude oil,
into contact whbh admbakisdi €ONPESEi NG @& PPF DUS il Nof garitci ooxi de
conprising two or nore types of elenents selected fromalum num silicon,

zi rconi um cRQY DN, t Lireard fim ane ¢ NRYNEsiUR angd one rfr M grypesspf1petal s
selected from the group consisting of the G oups 6A and 8 netals of
ppm by mass or less, an oxygen content of 1 percent by
mass or less, a fatty acid alkyl ester content of 3.5
percent by mass or less, an acid number of 0.13 mgKOH/g
or less, a methancl content of 0.01 percent by mass or
less, a glyceride content of 0.01 percent by mass or

less, and an HFRR wear scar diameter (W51.4) of 460 pm

or smaller,.

3. A gas 01l composition comprising:

an 01l produced by mixing 85 to 50 percent by
volume of a mixture of 10 to 9C percent by volume of
a fracticn and 90 to 10 percent by volume of a petroleum
hydrotreated oil having a gas 0il fraction refined from
crude o0il with 5 to 50 percent by volume of a petroleum
hydrotreated oil having a kerosene fraction refined
from crude c¢il; and

50 to 300 ppm by mass of a lubricity improver (LI),

the fraction being produced by bringing in the
presence of hydrogen a feedstock comprising an animal

or vegetable fat and/or a component originating
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the periodic table, supported thereon, under conditions where the hydrogen
pressure is from2 to 13 Ma, the liquid hourly space velocity is f
to 3.0 h-1, the hydrogen oil ratio is from150 to 1500 NL/L, and t

reaction tenperature is from 150 to 480C,

distillation tenperature of 360C or |lower, a sulfur content of 10
ppm by mass or |ess, an oxygen content of 1 percent by nass or |ess,
acid al kyl ester content of 3.5 percent by mass or |ess, an acid nunber of
0.13 ngKOH g or less, a nethanol content of 0.01 percent by mass or
a gl ycer itdee codtrent aafd G 81 1feu cenbo Mya asi Ph yd €58 a ransh ado kbBR vear scar
(WB1.4) of 460 pm or smaller. 5. The gas oil conposition according
to clai mp3 x88 dneherei Bht Be €alad fild alo PLUIGUNGE PRI nt S DG Ot h & OWer .

di amet er
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mixture is from 1 ppm by mass to 2 percent by mass, into
cecntact with a catalyst comprising a porous 1lnorganic
oxide comprising two or more types of elements selected
from aluminum, silicon, zircenium, boron, titanium and
magnesium and one or more types of metals selected from
the group consisting of the Grcocups 6A and 8 metals of
the periodic table, supported thereon, under
conditions where the hydrogen pressure is from 2 to 13
MPa, the ligquid hourly space velocity is from 0.1 to
3.0h7!, the hydrogen oil ratioc is from 150 to 1500 NL/L,
and the reaction temperature is from 150 toc 480°C,
the composition having a 95% distillation

temperature of 360°C or lower, a sulfur content of 10
ppm by mass or less, an oxygen content of 1 percent by
mass or less, a fatty acid alkyl ester content cof 3.5
percent by mass or less, an acid number of 0.13 mgKOH/g
or less, a methanol content of 0.01 percent by mass or
less, a glyceride content of 0.01 percent by mass or
less, and an HFRR wear scar diameter (WS1.4) of 460 pm

or smaller,

4. A gas o0il ccmposition cemprising:

an oil produced by mixing 95 tco 50 percent by

=70~

romOoO.1
he

t he conposition having a 95%
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volume of a fraction with 5 to 50 percent by volume of
a petroleum hydrotreated oil having a kerosene fraction
refined from crude oil; and

50 to 300 ppm by mass of a lubricity improver (LI},

the fraction being prcduced by bkringing in the
presence of hydrogen a mixture of 10 tc 90 percent by
volume of an oil comprising an animal or vegetable fat
and/or a component originating therefrom and a
sulfur-containing hydrocarbon compound mixed
therewith so that the total sulfur content of the
mixture is from 1 ppm by mass tc 2 percent by mass and
90 to 10 percent by volume of a petroleum hydrocarbon
having a gas oll fraction refined from crude o0il, into
contact with a catalyst comprising a porous inorganic
oxlde comprising two or more types of elements selected
from aluminum, silicon, zirconium, boron, titanium and
magnesium and one or more types of metals selected from
the group consisting of the Groups 6A and 8 metals of
the periodic table, supported thereon, under
conditions where the hydrogen pressure is from 2 to 13
MPa, the ligquid hourly space velocity is from 0.1 to
3.0 h”", the hydrogen 0il ratio is from 150 to 1500 NL/L,
and the reaction temperature is from 150 to 480°C,

the composition having a 95% distillaticn

Ltemperature of 360°C or lower, a sulfur content of 10
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ppm by mass or less, an oxygen content of 1 percent by
mass or less, a fatty acid alkyl ester content of 3.5
percent by mass or less, an acid number of 0.13 mgKOQH/g
or less, a methanol content of 0.01 percent by mass or
less, a glyceride content of 0.01 percent by mass or
less, and an HFRR wear scar diameter (WS1.4) of 460 um

or smaller.

5. The gas o0il composition according to claim 3

or 4 wherein the cold filter plugging point is -5°C or

lower.
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