Gas O | Conposition [Field of the Invention] The present invention relates
to gas oil conpositions containing mainly an FT synthetic base oil, nore
particularly to gas oil compositions that can achi eve environnent | oad
tkeduction, |low tenperature properties and |low fuel consunption all together
and are suitably used in a winter season. [Background of the Invention] In
general, a gas oil conposition is produced by blending one or nore types of
base oils produced by subjecting a straight gas oil or strai ght kerosene,
produced by atnospheric distillation of crude oil to hydrorefining or

hydr odesul furization. In paf@Bc@ial, Compqasisfitdh the case that the bl end
ratio of the foregoing kerosene base oil and gas oil base oil is adjusted
in order to ensure the cold flowability during a w nter season. I|f
necessary, the base oils are blended with additives such as cetane nunber

i mprover §,Fidetendgent searfchcohd ifdrov i nprovers (see, for exanpl e,

Non- Pat ent Docunent No. 1 below). Lower sulfur and aronatic contents are
regarded as capabl®rekesippi assmyi bhe fol aBkisont of glear bl -1 conponents

such as NOx and PMin the exhaust gas from engines. Fromthe view point of
this, atteipenikasonbeesnkaaughh gtiRatinuglis asuehr agnldreitdcfrastd ens,
more particularly to gas oil compositions that can
achieve environment load reduction, low temperature

properties and low fuel consumption all together and

are suitably used in a winter season.

[Background of the Invention]

In general, a gas oil composition is produced by
blending one or more types of base o0ils produced by
subjecting a straight gas o0il or straight kerosene,
produced by atmospheric distillation of crude o0il to
hydrorefining or hydrodesulfurization. In particular,
it is often the case that the blend ratio of the
foregoing kerosene base o0il and gas o0il base o0il is
adjusted in order to ensure the cold flowability during
a winter season. If necessary, the base 0ils are
blended with additives such as cetane number improvers,
detergents and cold flow improvers (see, for example,
Non-Patent Document No. 1 below).

Lower sulfur and aromatic contents are regarded

as capable of suppressing the formation of harmful



correspondi ng to naphtha, kerosene and gas oil, produced by subjecting a

m xed gas containing nmainly hydrogen and carbon nonoxi de produced from
natural gas, coal, biomass or sludge (hereinafter may be often referred to
as "synthetic gas") to a Fischer-Tropsch (FT) reaction; hydrocarbon

m xtures produced by hydrorefining or hydrocracking such liquid fractions;
and hydrocarbon m xtures produced by hydrorefining or hydrocracking liquid
fractions and FT wax produced through a Fischer-Tropsch reaction, as fuels -
contributing environnent |oad reduction. However, since the FT reaction per

se cont ai R ndp owen f Or HALNOR PrPcLSSnd av hydr ehieat edapreadusti s ef- dhe FT
reaction product are relatively large in the content of straight-chain

sat ur at ed hygy gear.borr £ SAr e PRER IS ccyPoupds. 14+ bas desp paiyted out
that in particular when heavy nornal paraffin conmpounds are contained,
there is O8SINjLLty .t d e i f. it of wax.
Furt her, F%}@ngﬁi%%l g&?aggﬁglg\?gha %%d?g?aéjb%n@ﬁ‘iax u%gl}lc@ont ai ni ng
predom nantly the aﬁgresaid nornghj$araffins and saturated hydrocarbons

- fi

havi ng a Sicde” GREI Jangi sto%a?sp aané(%ﬁcﬂgeinse g%rﬁgr ﬂ‘ﬁ/ 8& in oil

n

solubility. Therefore, there is.the possibi]Jity that additives that are

di ssol ved PITPFUEL hiRY SHEW &<t {39 im}xﬁ%ﬁﬂ S EPH TR BA Xher 2 18i4Y sol ubl e
gr oups ‘

hydrogen and carbon monoxide produced from natural gas,
coal, biomass or sludge (hereinafter may be often
referred to as "synthetic gas") to a Fischer-Tropsch
(FT) reaction; hydrocarbon mixtures produced by
hydrorefining or hydrocracking such liquid fractions;
and hydrocarbon mixtures produced by hydrorefining or
hydrocracking liquid fractions and FT wax produced
through a Fischer-Tropsch reaction, as fuels
contributing environment load reduction.

However, since the FT reaction per se contains a
wax formation process, the hydrotreated products of the
FT reaction product are relatively large in the content
of straight-chain saturated hydrocarbon (normal
paraffins) compounds. It has been pointed out that in
particular when heavy normal paraffin compounds are
contained, there is the possibility that they would
deposit. in the form of wax. Further, the FT synthetic
base 0il is a hydrocarbon mixture containing
predominantly the aforesaid normal paraffins and

saturated hydrocarbons having a side chain



(straight-chain alkyl groups or the like) would be hardly dissolved. Anong
such additives, there would be likely used conventional cold flowinprovers
(CFl') conposed of an ethyl ene-vinyl acetate copolyner mxture due to the
kestriction on the solubility to fuel. Patent Docunent No. 1 discloses in
an exanple thereof a synthetic fuel containing a gas oil fraction produced
froman FT synthetic base oil only. However, this gas oil is an extrenely
Fight fuel containing a kerosene fraction in a |arge anount because the
docunent intends to solve a problem concernin | ow-tenperature startability
and thus(ésﬁéﬁhh@ééélTbranﬁnﬁﬂ@@ﬁn@*ﬂd%ﬁﬂ@ﬁﬁéghVuﬁé”%¥oﬁé#ﬂ?bé with a cold
flow inprover can not be selected. As the result, significant reductions
in densisglukinkiti.c Vilseosiftore andhealaures caher PPise Mal bé toark hdE be

avoi ded, and furthernore it can not be denied that the reductions would
result iadsdiigni fesanhadet@reodatsomlive d ugl feenswipt$ ony cheiazurea of

i njection punps, cavitation danages and defects in high-tenperature
restartabilli,tyhigBlhhatelyirnd o8 wargidi fdficubb ltub Hesiggrowp bi gh-qual ity
fuel that can achieve at a high level the requirenents sought for a gas oi
conposi t i gt MaviRE -4 L anent v 11 gach i gducid ophpr apek &) esvo exaeldeent

practical performances in a winter season and suppression of fuel
hardly dissolved. Among such additives, there would
be likely used conventional cold flow improvers (CFI)
composed of an ethylene-vinyl acetate copolymer
mixture due to the restriction on the solubility to
fuel.

Patent Document No. 1 discloses in an example
thereof a synthetic fuel containing a gas oil fraction
produced from an FT synthetic base 0il only. However,
this gas 0il is an extremely light fuel containing a
kercsene fraction in a large amount because the
deccument intends to solve a problem concerning
low-temperature startability and thus a technique for
improving low-temperature properties with a cold flow
improver can not be selected. As the result,
significant reductions in density, kinematic viscosity
and volume calorific value can not be avoided, and
furthermore it can not be denied that the reductions
would result in significant deterioration in fuel
consumption, seizure of injection pumps, cavitation

damages and defects in high-temperature restartability.
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consunption deterioration all together, and there exists no exanple or
finding on the basis of studies of such a fuel satisfying various
properties required for fuel other than the foregoing sufficiently and a
practical process for producing the fuel. (1) Patent Docunent No. 1:
Japanese Patent Laid-Open Publication No. 2005-529213 (2) Non-Patent
Docunment No. 1: Konishi Seiichi, "Nenryo Kogaku Gairon", Shokabo Publi shing
Co., Ltd., March, 1991, pages 136 to 144 [Di sclosure of the Invention] The -
present invention was nade in view of the above-described situations and
has an objrecit tDsprovi de va HRsd OEK iGANPest bi @R sCiofh ah N DG HBG QLY 180, FT
synthetic base oil, nore specifically such a gas oil conposition that can

achi eve epid prpRAL Lead 4 efueticont |£Wi<§§”P@R/_%tlurth@rPQ%htiiLeém@'ﬁq:.%]ow fuel
consunption al together and is suitably used in a wnter season. The

I
present inv L on o] t a res -4, of t L and
research %ﬁgg of\l?ébg {Hﬁie; ggészcn(w?r?vsgln?%%g thoaggfl% ﬁzll}lr(;%rrgg%ﬂﬁg

problens. . That is, the present invention relates to_a gas.qil, conposition
conpri si n&oaacgageéji Cgér%losﬁ??f) r?rsejr%%t’eaex‘??gr%‘\e[rh% Srroag%c%&?s]i sting of the

followng gas_oil conpositions (A to (C) and additives addedg @
accor danc®S4 f AFIRE FBF 1 bl A RLEFT feé‘rﬁgﬁ:and suppression of fuel

consumption deterioration all together, and there

exists no example or finding on the basis of studies
of such a fuel satisfying various properties required
for fuel other than the foregoing sufficiently and a
practical process for producing the fuel.
(1) Patent Document No. 1l: Japanese Patent
Laid-Open Publication No. 2005-529213
(2) Non-Patent Document No. 1: Konishi Seiichi,
"Nenryo Kogaku Gairon", Shokabo Publishing Co.,

Ltd., March, 1991, pages 136 to 144

[Disclosure of the Invention]

The present invention was made in view of the
above-described situations and has an object to provide
a gas 0il composition containing mainly an FT synthetic
base 0il, more specifically such a gas o0il composition
that can achieve environment load reduction, low
temperature properties and low fuel consumption all
together and is suitably used in a winter season.

The present invention was completed as the result



[1] gas oil conpositions (A) conprising an FT synthetic base oil in an
anount of 60 percent by volune or nore on the basis of the total anpunt of
the gas oil conposition, with a sulfur content of 5 ppmby mass or |ess,
an aromatic content of 10 percent by volune or |ess, an oxygen content of
100 ppmor less, a density of 760 kg/nB or greater and 840 kg/n8 or less, a
90% distillation tenperature of 280C or higher and 330C or |ower and an
end point of 360C or lower in distillation characteristics, an insoluble
content after an oxidation stability test of 0.5 ng/ 100 nL or _|ess, an
HFRR weaf fs@aft @narster SEWSL 43n6f 40D phdt ceﬁ&lq%ﬁi & Tclo¥id i nt of - 15C
or lower, a cold filter plugging point of -25C or Iomer a pour point of
_32.5C BrEISARE, 1& R AP Icont ens odfv ok  HAradd ieIh&AE MYl ePG 1 o 30
carbon atoms of |ess than 2 percent by mass, a value determ ned by dividing
t he totalhednteat dfhe nprresd e par afnfy est hawvi ngezetteos 30oca boasatwoik by the
-5 total content of hydrocarbons having 20 to 30 carbon atons other than
t he nor mbmras af tiirem afollp2 iri gyeat eps and . d@mpp sligskonanélaecekdtion in
the content of each of normal paraffins (CnP) having 15 to 20 carbon atons
defi ned by ROPsE1R<CIPP<CIYPLELGRELLIER, {He ] f@dsl owli neonpasi iions ( B)
conprising an FT synthetic base oil in an ambunt of 60 percent by vol une
or nore epRnd®sbhasicnof (hhe ¢ ot alc)anpyat fqibe vaas gulded in

accordance with the following Steps 1 and 2:

[I] gas 0il compositions (A) comprising an FT synthetic

base 0il in an amount of 60 percent by volume or more

on the basis of the total amount of the gas ocil

composition, with a sulfur content of 5 ppm by mass or

less, an aromatic content of 10 percent by volume or

less, an oxygen content of 100 ppm or less, a density

of 760 kg/m® or greater and 840 kg/m® or less, a 90%

distillation temperature of 280°C or higher and 330°C

or lower and an end point of 360°C or lower in

distillation characteristics, an insoluble content

after an oxidation stability test of 0.5 mg/100 mL or

less, an HFRR wear scar diameter (WS1.4) of 400 um or

smaller, a cloud point of -15°C or lower, a cold filter

plugging point of -25°C or lower, a pour point of -32.5°C

or lower, a total content of normal paraffins having

20 to 30 carbon atoms of less than 2 percent by mass,

a value determined by dividing the total content of

normal paraffins having 20 to 30 carbon atoms by the



conposition, wth a sulfur content of 5 ppmby nass or |ess, an aromatic
content of 10 percent by volune or |ess, an oxygen content of 100 ppm or
| ess, a density of 760 kg/nB or greater and 840 kg/nB or less, a 90%
distillation tenperature of 280C or higher and 350C or |ower and an end
point of 360C or lower in distillation characteristics, an insoluble
content after an oxidation stability test of 0.5 ng/100 nL or less, an
HFRR wear scar dianeter (Ws1.4) of 400 pmor smaller, a cloud point of -5C.
or lower, a cold filter plugging point of -20C or |ower, a pour point of

-25C or k@il acnaiéhtCot enydeb JwrpBh pafafiines h@viBg 3 20- L o3 carbon
atons of 2 percent by nmass or nore and |ess than 4 percent by mass, a val ue

det er ni ned dyms db ¥hairng HAe 104 & o SARNERLa 10 £ RAEI, DY & f 1 P@M%O 20 to

30 carbon atons by the total content of ~ hydrocarbons having 20 to car bon

atons ot herd Nane-§ L he o7 ek gpar akhids; gh Q. t%e%?ﬁtteé’n?%ggg)e%c% | ess,

and a relation in fthe content of each normal paraffins aving 20

25 b def.i b 1P>C22P P>C2 C25P; d [l
(9,22 20 hon 2L 008 8L D By R 2R a2 g LT gas

oi | conpo?itlons rising ‘an S t of 60

Composi (i BELWER &6l POR CohPERCEF b8 okt By HHRECaP T ess,  an aromat 1 ¢

content of 10 percent by vol ume or. .
[II] gas o0il” compositions (B) comprising an FT
synthetic base 0il in an amount of 60 percent by volume
or more on the basis of the total amount of the gas oil
composition, with a sulfur content of 5 ppm by mass or
less, an aromatic content of 10 percent by volume or
less, an oxygen content of 100 ppm or less, a density
of 760 kg/m® or greater and 840 kg/m® or less, a 90%
distillation temperature of 280°C or higher and 350°C
or lower and an end point of 360°C or lower in
distillation characteristics, an insoluble content
after an oxidation stability test of 0.5 mg/100 mL or
less, an HFRR wear scar diameter (WS1l.4) of 400 um or
smaller, a cloud point of -5°C or lower, a cold filter
plugging point of -20°C or lower, a pour point of -25°C
or lower, a total content of normal paraffins having
20 to 30 carbon atoms of 2 percent by mass or more and
less than 4 percent by mass, a value determined by
dividing the total content of normal paraffins having

20 to 30 carbon atoms by the total content of

hydrocarbons having 20 to 30 carbon atoms other than
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| ess, an oxygen content of 100 ppmor less, a density of 760 kg/ n8 or
greater and 840 kg/nB or less, a 90% distillation tenperature of 280C or

hi gher and 350C or |ower and an end point of 360C or lower in distillation
characteristics, an insoluble content after an oxidation stability test of
0.5 ng/ 100 nL or less, an HFRR wear scar dianeter (W51.4) of 400 pm or

smal ler, a cloud point of -3C or lower, a cold filter plugging point of
=10C or lower, a pour point of -12.5C or lower, a total content of nornal
paraffins having 20 to 30 carbon atonms of 4 percent by mass or nore and

| ess thahhe perdent myradssing 98l Ye2detelrarle bya N 5i-cﬁ R thfeS £ ot al
content of normal paraffins having 20 to 30 carbon atons by the total
content ahdhgdretatbiors imatiegc2® ten8M Lardon af arsrvehepat®df iRBe nor nal
paraffins of 0.2 or greater and 0.6 or less, -7 and relations in the
content ofngachhefrimoy nBD par a bi m= rif €nP)a thambngl20i he 23 ¢ar bon at ons
defined by C20P>C21P>C22P>C23P>C24P>C25P and

( C24P- C26RN/eC2AP2 C22P2 £28PR) 7 £22RPA(IC20PS@21PR A620P;, (Step 1) a lubricity

i nprover conprising a fatty acid and/or a fatty acid ester is adm xed in an
amount of 1 120) ngbls oF i MOERAdEls 3@ dWSL (o) | esmpirk § ehgs 2 e active

conponent with the gas oil conposition by |I|ine-blending, forced-stirring or

lleaving torstioditorh, A Y fichent dhBBn@R¥ 60 percent by volume
or more on the basis of the total amount of the gas oil
composition, with a sulfur content of 5 ppm by mass or
less, an aromatic content of 10 percent by volume or
less, an oxygen content of 100 ppm or less, a density
of 760 kg/m® or greater and 840 kg/m® or less, a 90%
distillation temperature of 280°C or higher and 350°C
or lower and an end point of 360°C or lower in
distillation characteristics, an insoluble content
after an oxidation stability test of 0.5 mg/100 mL or
less, an HFRR wear scar diameter (WS1.4) of 400 um or
smaller, a cloud point of -3°C or lower, a cold filter
plugging point of -10°C or lower, a pour point of -12.5°C
or lower, a total content of normal paraffins having
20 to 30 carbon atoms of 4 percent by mass or more and
less than 6 percent by mass, a value determined by
dividing the total content of normal paraffins having
20 to 30 carbon atoms by the total content of
hydrocarbons having 20 to 30 carbon atoms other than

the normal paraffins of 0.2 or greater and 0.6 or less,



(Step 2) a cold flow inprover conprising an ethylene vinyl acetate

copol yner and/or a conpound with a surface active effect is adm xed in an
anount of 20 ng/L or nore and 1000 ng/L or less in terns of the active
conponent with the gas oil conposition by line-blending, forced-stirring or.
| eaving to stand for a sufficient tinme. Alternatively, the gas oi
conposition of the present invention is preferably adm xed with 200 ng/L

or nore and 500 ng/L or less of a detergent conprising a polyether am ne
conpound, a pol ybutenyl am ne conpound, an al kenyl succi nam de conpound, or

an  al kengln s wecl ot Mothes e@NMpaknd obyt éhaes bleadhngr nbemeadpsti 4 £FERG OF
| eaving to stand for a sufficient -8 tine, in a step added between Steps 1

and 2. Preigi@pl havihg bubrisi by ié@_fgw,aésh%r%@h e cghd flow

i nprover each contain a solvent containing no chemcal substance with a

mel ting peiy n%gézjiqg@hlg,ggﬁfgr»&@];gbgg , ahlye gas oil conposition has a

peroxi de nu after an accelerated oxidation test of 50 ppm by nass or

| ess, a kiQﬁﬂP [ oRAYY ity a 0 : / re: n .mR/s or

| ess, a cétaneﬁi§§é¥§F8?2EgP%?Cé?ﬁ%té%%gﬁd/gyéé?bgf%ggt3%?{83/%6%ngn1by

volume or, | ess.._ The intentions of thevpresent invention e as faollows. A
I :

fuel woul d Je®Rdber Sefly! B ¢ Edtteq 4FPFP Y& comprising a fatty aci

and/or a fatty acid ester is admixed in an amount of
20 mg/L or more and 300 mg/L or less in terms of the
active component with the gas o0il composition by
line-blending, forced-stirring or leaving to stand for
a sufficient time; and

(Step 2) a cold flow improver comprising an ethylene
vinyl acetate copolymer and/or a compound with a
surface active effect is admixed in an amount of 20 mg/L
or more and 1000 mg/L or less in terms of the active
component with the gas 0il compositionby line-blending,
forced-stirring or leaving to stand for a sufficient

time.

Alternatively, the gas 01l composition of the
present invention is preferably admixed with 200 mg/L
or more and 500 mg/L or less of a detergent comprising
a polyether amine compound, a polybutenyl amine
compound, an alkenyl succinamide compound, or an
alkenyl succinimide compound by line-blending,

forced-stirring or leaving to stand for a sufficient
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produced by a process wherein the wax content is extrenely reduced by
excessive lightening, and a fuel of low oil solubility, which is produced
solely from an FT synthetic base oil would hardly dissolve additives,
fesulting in the possibility that they would fail to exhibit their original
advant ageous effects. Therefore, the present invention is intended to
create and propose a quality design nethod required for inparting a fuel
reduced in oil solubility with an effect to inprove cold flowability by
addition of additives such as CFl. -9 [Effects of the Inventlon] Accor di ng
to the priBentipnventepnaddies bss weea S§ad oill 286hPosi Hivh prédilcdd by t he
above-described process to satisfy the above-described requirenents

regar di nghér dctd ohsidnd therdkeryseddetergengosanil ecotd pr ce easily a
gas oil conposition suitable for a winter season that can achieve

envi r onnemp rlcoeddr ¢@ductbarta 1 ove teoperatturce pt eperin @shanch Eow falkl
consunption all together, which have been difficult to achieve with the

convent i ®aBk t3asc i W icanpasintd bhsng [BeshtMade for Casryihrigiloat .t he
I nvention] The present invention will be described in nore detail bel ow

The gas Pk reaPosit i Ocrh@f gtafge presempBwati @A nrecessaiddyxgart ains an FT
synthetic base oil. The

number after an accelerated oxidation test of 50 ppm

by mass or less, a kinematic viscosity at 30°C of 2.5

mm?/s or greater and 5.0 mm?/s or less, a cetane index

of 45 or greater and a water content of 100 ppm by volume

or less.

The intentions of the present invention are as
follows. A fuel would be adversely affected if it 1is
produced by a process wherein the wax content is
extremely reduced by excessive lightening, and a fuel
of low 0il solubility, which is produced solely from
an FT synthetic base o0il would hardly dissolve
additives, resulting in the possibility that they would
fail to exhibit their original advantageous effects.
Therefore, the present invention is intended to create
and propose a quality design method required for
imparting a fuel reduced in o0il solubility with an
effect to improve cold flowability by addition of

additives such as CFI.



synthetic base oil is conposed of saturated hydrocarbon conpounds, and the
gas oil conposition of the present invention can be easily produced by
adjusting the blend of the hydrocarbon conmpounds. There is no particul ar
restriction on the characteristics of the FT synthetic base oil as long as .
the characteristics of the gas oil conposition of the present invention are
satisfied. There is no particular restriction on base oils other than the
FT synthetic base oil as long as the -10 characteristics of the gas oi
conposition of the present invention are fulfilled. However, in order to

al l ow t he ooppesittd oprt @ rexhi Bivte rstf Hingi ent  environnent friendly
properties, it is preferable to blend the foll ow ng petrol eum base oi

having_been hi ghl ¥, pydrpy regt e capd S0k ARl 4 rafe ¥ 89RLADI £r depised, £ pg ocessed
oils. The FT synthetic base oil referred herein denotes various synthetic

oil's SUChﬁs' bqul dc%ﬁlg%téloﬁonc%fgéﬁ%@é gyt ¢ arhiha, ‘58%%5&&9%%@ gas
oil, produced by subjecting a mxed gas conyalnlng naln?y hydr ogen and

car bon nonoxi de (hereinafter .may be often referred to as "synthetic gas")
to a Fi sch2TFSFsch® (sléﬁl?ggc%{_‘lhoen; a??)?d’reocgﬁﬁocnrJngftdurre%qﬁrlorﬁf%atbsy

hydr orefi ni ng or, .hydracrackj ng such, i uigTIractions; and hydr ocarbon

m xt ur es pﬁ'%‘gﬁ(’fgd'%?/ £§8Fotr3e‘f’ Si 7' Dr E Ry drioEF al RN FPqditd P 860N and FT

wax produced , , o ,
to produce easily a gas o1l composition suitable for

a winter season that can achieve environment load
reduction, low-temperature properties and low fuel
consumption all together, which have been difficult to

achieve with the conventional gas o0il compositions.

[Best Mode for Carrying out the Invention]

The present invention will be described in more
detail below.

The gas 0il composition of the present invention
necessarily contains an FT synthetic base 0il. The FT
synthetic base 0il is composed of saturated hydrocarbon
compounds, and the gas 0il composition of the present
invention can be easily produced by adjusting the blend
of the hydrocarbon compounds. There is no particular
restriction on the characteristics of the FT synthetic
base 01l as long as the characteristics of the gas oil
composition of the present invention are satisfied.
There 1s no particular restriction on base oils other

than the FT synthetic base 0il as long as the

-10-



t hrough a Fischer-Tropsch reaction. The gas oil conposition conprises
preferably 60 percent by volunme or nore of the FT synthetic base oil.
Further, the conposition conprises nore preferably 70 percent by vol une or
nore, nore preferably 80 percent by volume or nore of the FT synthetic base
oil with the objective of |essening the occasion to increase the burden to
the environnent caused by sul fur conponents -11 or aromatic conponents. The
m xed gas which will be the feedstock of the FT synthetic oil is produced
by oxidizing a substance containing carbon using oxygen and/or water and/or
carbon dfBRIFdC a8 ram tok¢ 8i Aifngt Agesta andiflura POl t heBesthr §Ey a shift
reaction using water so as to be adjusted in predeterm ned hydrogen and

car bon nphesiedet iconeertiranions. L SLiistlaheds cdimvaeieng dar Mbied may be
used herein are generally gas conponents conposed of hydrocarbons that are
gas i n natiwlw tehpercatup es iduichn & naxbridli gasp flfiigueeingd petrol eum gas

and net hane gas, petrol eum asphalt, bionmass, coke, wastes such as buil ding
mat er i al snand ganbage, f 51 vdge, y heavpartide s ,0ilts tbhaprareedatfliceutd to be

di sposed in the usual manner, and m xed gas produced by exposing

unconvenpiemdl PEEr AdEUMbLASYr 6% Ml ehevai£de banperakunesg. bEewever, in
the present invention,
highly hydrotreated and animal- or vegetable-derived
processed oils.

The FT synthetic base 0il referred herein denotes
various synthetic oils such as liguid fractions
corresponding to naphtha, kerosene and gas oil,
produced by subjecting a mixed gas containing mainly
hydrogen and carbon monoxide (hereinafter may be often
referred to as "synthetic gas") to a Fischer-Tropsch
(FT) reaction; hydrocarbon mixtures produced by
hydrorefining or hydrocracking such liquid fractions;
and hydrocarbon mixtures produced by hydrorefining or
hydrocracking liquid fractions and FT wax produced
through a Fischer-Tropsch reaction.

The gas o0il composition comprises preferably 60
percent by volume or more of the FT synthetic base oil.
Further, the composition comprises more preferably 70
percent by volume or more, more preferably 80 percent
by volume or more of the FT synthetic base 0il with the
objective of lessening the occasion to increase the

burden to the environment caused by sulfur components

-11-



there is no particular restriction on the feedstock as

contai ni ng mai nly hydrogen and carbon nonoxi de can be produced. The
Fi scher-Tropsch reaction requires a netal catalyst. It is preferable to use
metals in Goup 8 of the periodic table, such as cobalt, ruthenium

rhodi um palladium nickel and iron, nore preferably -12 nmetals in Goup 8,

|l ong as a m xed gas

Period 4, as an active catal yst conponent. Alternatively, there may be used

a mxed nmetal group containing these netals in suitable anobunts. These
active netals are generally used in the form of

a catal yst produced by

supportingt hepoan @i SURRMBoBBGR s as alumina, titania and silica-alum na.

Alternatively, the use of the forgoing active netals in conbination with a

second retal camydfo¥edt ke s Pekfermances gE the resubilicng. gabal yst

Exanpl es of the second netal include alkali or alkaline earth metal s such

as sodi umg i 0L UmcAnd. nBgResidIm ; Zi (¢

w il be used pen

car bon

Yy o Ralgy um,

o
product i off AhotAt ot 9 wax.” Theé ﬁﬁiﬁ%r9ﬁ¥ﬂg%hgd§%?fow% °h &M hefic

nmet hod for produci

g i
f eedst ock Sa%PPE q%?ég

car bon

§ 2pr éferdbt & 1% B

necessary by a shift reaction using water so as to be
adjusted in predetermined hydrogen and carbon monoxide
concentrations.

Substances containing carbon which may be used
herein are generally gas components composed of

hydrocarbons that are gas in normal temperatures such

as natural gas, liquefied petroleum gas, and methane

gas, petroleum asphalt, biomass, coke, wastes such as
building materials and garbage, sludge, heavy crude
oils that are difficult to be disposed in the usual
manner, and mixed gas produced by exposing
unconventional petroleum resources to elevated
temperatures. However, in the present invention,
there is no particular restriction on the feedstock as
long as a mixed gas containing mainly hydrogen and
carbon monoxide can be produced.

The Fischer-Tropsch reaction requires a metal
catalyst. It is preferable to use metals in Group 8
of the periodic table, such as cobalt, ruthenium,

rhodium, palladium, nickel and iron, more preferably

-12-
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nonoxide in the mxed gas in order to carry out the synthetic method
efficiently. In general, the nolar mx ratio of hydrogen to carbon nonoxi de
(hydrogen/ carbon nonoxide) is preferably 1.2 or greater, nore preferably
l.5 or greater, nore preferably 1.8 or greater. The ratio is also -13
preferably 3 or less, nore preferably 2.6 or less, nore preferably 2.2 or
| ess. The reaction tenperature at which the Fischer-Tropsch reaction is
carried out using the foregoing catalyst is preferably 180C or higher and
320C or |ower, nore preferably 200C or higher and 300c or |lower. At a
react i of'¢ BABET at ur E TGFUP ofter RHaHC A 8DC, 26ardn AHokE de A HY § tr eact s,
resulting in a tendency that the hydrocarbon yield is reduced. At a
reacti orceBRperant ur e Bl te yhat itvahy 320¢ e as st o as U St hand lixe d
increasingly formed, resulting in a reduction in the production efficiency
of |i quirde tflagtrioons camdt £ nvaxy tHes e metad part adltab tesampstritoh. on t he
gas hourly space velocity with respect to the catalyst. However, it is
preferabtlye5@0 avtlioe mertes anda4@0Wdrnd radrl y oweed nor et lpeeferablyf 1000 h-1
or nore and 3000 h-1 or lower. A gas hourly space velocity of |ess than 500
h-1is likelyalgsregueadtbe dpbedsiabipdr ©1 nighehkinfvinda §wpb ot Iser@h gas
hourly space velocity of nore than 400

as alumina, titania and silica-alumina.

Alternatively, the use of the forgoing active metals

in combination with a second metal can improve the

performances of the resulting catalyst. Examples of

the second metal include alkali or alkaline earth

metals such as sodium, lithium and magnesium, zirconium,

hafnium and titanium, which will be used depending on

purposes such as increase in conversion rate of carbon

monoxide or chain growth probability (a ) which is an

index of the production amount of wax.

The Fischer-Tropsch reaction is a synthetic

method for producing liquid fractions and FT wax using

a mixed gas as the feedstock. It is generally

preferable to adjust the ratio of hydrogen to carbon

monoxide in the mixed gas in order to carry out the

synthetic method efficiently. In general, the molar

mix ratio of hydrogen to carbon monoxide

(hydrogen/carbon monoxide) is preferably 1.2 or

greater, more preferably 1.5 or greater, more

preferably 1.8 or greater. The ratio is also

-13-



h-1 causes a necessity to increase the reaction tenperature and increase the
anount of gas to be produced, resulting in a reduction in the yield of the

i ntended product. There is no particular restriction on the reaction -14
pressure (partial pressure of a synthetic gas conposed of carbon nonoxi de
and hydrogen). However, it is preferably 0.5 MPa or greater and 7 MPa or
smal ler, nore preferably 2 MPa or greater and 4 MPa or smaller. If the
reaction pressure is snmaller than 0.5 MPa, the yield of liquid fuel would .
tend to decrease. If the reaction pressure is greater than 7 MPa, it is not

econoni calg ye fadvant ggeosis besaysedhe pnoeat 2081 ¢api tab ri N¥a M rei n
facilities would be Increased. If necessary, liquid fractions and FT wax

produced Ahreughithe aboyvesdesctibed FT reaction may be hydrorefined or
hydrocracked in any Suitable manner so as to be adjusted in distillation

characteristics N [ t p es. pf. the invention
Hydr or efi ni ng oﬁqﬂidggggggkéhgqﬁ%gp%gng§¥ggtg§: géggﬁhi%geon t he purposes
and the prffengmipy?ntiqg ﬁs not lgniggg ig sel & tioqhto eitheE one or both
of them to 808K an’ BREHT t &S The®Fas’ Bi Foddnbosi Oitn Bf tHe “BFesent
invention |s produced. Catalysts used for rorefiping are, generally
compri si ngt A% RYdrIEnGE oh. ket o6 retareratly 18086 8 NidReY Gnd

320°C or lower, more preferably 200°C or higher and

t hose

300°c or lower. At a reaction temperature of lower than
180°C, carbon monoxide hardly reacts, resulting in a
tendency that the hydrocarbon yield is reduced. At a
reaction temperature of higher than 320°C, gas such as
methane i1s increasingly formed, resulting in a
reduction in the production efficiency of liquid
fractions and FT wax.

There is no particular restriction on the gas
hourly space velocity with respect to the catalyst.
However, it is preferably 500 h™' or more and 4000 h7!?
or lower, more preferably 1000 h™' or more and 3000 h™:
or lower. A gas hourly space velocity of less than 500
h™! is likely to reduce the production of the liquid
fuel while a gas hourly space velocity of more than 400
h™! causes a necessity to increase the reaction
temperature and increase the amount of gas to be
produced, resulting in a reduction in the yield of the
intended product.

There is no particular restriction on the reaction

-14-



supported on a porous support, but the present inventionis not limted
thereto as long as the sane effects are obtai ned. The porous support is
preferably an inorganic -15 oxide. Specific exanples include alum na,
titania, zirconia, boria, silica, zeolite and the |like. Zeolite is
crystalline alumnosilicate, exanples of which include faujasite, pentasil
andnordenite type zeolites. Preferred are faujasite, beta and nordenite
type zeolites and particularly preferred are Y-type and beta-type zeolites.
Y-type zeolites are preferably wultra stable. Preferred for the active netal
are thoser e st (R Féviatg RIS BYWFes Qlad iSve HBEAIL A 33D AR A& Fve net al
B type). The active nmetal A type is at |east one type of netal selected
from t heo §r capy wonsinstrigwglide tadwdehivdrcgenp 8 dfovkegeri édict$able. It is
preferably at |east one type selected fromthe group consisting of Ru, Rh,
lr, Pd andePerantyi &.o¥Eapoef erakite Plhadd/ ¢tPa Ry sthelaetdivaaweal may be
a conbination of these netals, such as Pt-Pd, Pt-Rh, Pt-Ru, Ir-Pd, Ir-Rh,
Ir-Ru, RirPdeRubPli-BhiRE ¢r-Bdeteandnld -RMRa. oA smobl éeret alI £at al yst
formed of these netals can be used after being subjected to a pre-reduction
t r eat nent h eUPEeE thysh qeas v il sgener ak, t hhe cataMpst, ithe yield

of 1liquid fuel would tend to decrease. If the reaction

pressure is greater than 7 MPa, it is not economically

advantageous because the amount of capital investment

in facilities would be increased.

If necessary, liquid fractions and FT wax produced
through the above-described FT reaction may be
hydrorefined or hydrocracked in any suitable manner so
as to be adjusted in distillaticon characteristics or
composition to achieve the purposes of the invention.
Hydrorefining or hydrocracking may be selectéd
depending on the purposes and the present invention is
not limited in selection to either one or both of them
to such an extent that the gas 0il composition of the
present invention is produced.

Catalysts used for hydrorefining are generally
those comprising a hydrogenation active metal
supported on a porous support, but the present
invention is not limited thereto as long as the same

effects are obtained.

The porous support is preferably an inorganic

-15~-



heated at a tenperature of 200C or higher in accordance wth predeterm ned
procedures, circulating a gas containing hydrogen so that the active netal
on the -16 catalyst is reduced and thus exhibits hydrogenation activity.
The active netal B type contains preferably at |east one type of netal
selected fromthe group consisting of those in G oups 6A and 8 of the
periodic table, desirously two or nore types of netals selected therefrom
Exanpl es of these netals include Co-Mb, N -M, N -Co-M and N -W Wen a
netal sulfide catalyst formed of these netals is used, it nust undergo a

pre-sul f urdzaeQn FEEs$ i cThex BRipdl e §O0UMGEL HRY Qﬂ@mg%venth%a{lanor gani c
salt or conplex salt conpound. The supporting nmethod may be any supportlng

met hod that; hagpheen weualdy 4sad cor Awdiogenalign gat al ysts, such as
i npregnation and ion-exchange net hods.” Wien a plurality of nmetals are

supported, they ;iRy; ]P%B?SEBperE/%dcélL'iﬂi' et Equt OURE Y 31 9 .3 4T Xeegaﬁ\%'ﬂ{éon

t hereof or sequent| a usi ng a Si ng e I on contal ni ng eac

met al sol utj a | utio solu ion S|n an organic
sol vent . fhe reac |%ﬁ8 eg%egg uf%séglmhlc nﬁy&roré’flnlmr?g:;rclrl gﬁ?Flé) out
using a catalyst compoged of, 1hg 2oLl e SELALA LIRS, 58151 2430l 480C o

type zeolites and particularly preferred are Y-type and
beta-type zeolites. Y-type zeolites are preferably
ultra stable.

Preferred for the active metal are those of the
following two types (active metal A type and active
metal B type).

The active metal A type is at least one type of
metal selected from the group consisting of those in
Group 8 of the periodic table. It is preferably at
least one type selected from the group consisting of
Ru, Rh, Ir, Pd and Pt, and is more preferably Pd and/or
Pt. The active metal may be a combination of these
metals, such as Pt-Pd, Pt-Rh, Pt-Ru, Ir—-Pd, Ir-Rh,
Ir-Ru, Pt-Pd-Rh, Pt-Rh-Ru, Ir-Pd-Rh, and Ir-Rh-Ru. A
noble metal catalyst formed of these metals can be used
after being subjected to a pre-reduction treatment
under hydrogen flow. In general, the catalyst is
heated at a temperature of 200°C or higher in accordance
with predetermined procedures, circulating a gas

containing hydrogen so that the active metal on the

-16-



or lower, nore preferably 200C or higher and 370C or |ower, nore preferably
250C or higher and 350C or -17 lower, nore preferably 280C or higher and
350C or lower. A reaction tenperature of higher than 370C is not
preferabl e because the yield of the mddle fraction is extrenely reduced,
resulting froman increase in a side reaction wherein the liquid fraction
or FT wax is cracked to a naphtha fraction. A reaction tenperature of
tower than 270C is not al so preferable because alcohols can not be renoved
and thus remains in the reaction system The reaction tenperature at which
hydror ef¢aFRd Y$E é&r riedue@d udnfdg tdheat &3ystPé&Ppdsedrodemetad ve net al
B type is preferably 170C or hi gher and 320C or |lower, nore preferably 175C
or hi gheacand 309C or |ower, nore preferably 180C or higher and 280C or

| ower. A reaction tenperature of higher than 320C is not preferable because
the yield of theemadd evéracttioh B styeduced)taesud tpng fferonpaly iafcrease in
a side reaction wherein the liquid fraction or FT wax is cracked to a
napht ha feagtdi odneAtrgaet b@n Mevper atal ectefd | owem tthiae HAGips not al so
pref erabl e because al cohols can not be renpved and thus remains in the

reacti oncgystiedt 1 hke My dnges pPhessWigp at ewhhely Rydoreiénpagiicsdiearried
out using a catalyst conposed of the active
table, desirously two or more types of metals selected
therefrom. Examples of these metals include Co-Mo,
Ni-Mo, Ni-Co-Mo and Ni-W. When a metal sulfide
catalyst formed of these metals is used, it must undergo
a pre-sulfurization process.

The metal source may be a conventional inorganic
salt or complex salt compound. The supporting method
may be any supporting method that has been usually used
for hydrogenation catalysts, such as impregnation and
ion-exchange methods. When a plurality of metals are
supported, they may be supported simultaneously using
a mixed solution thereof or sequentially using a single
solution containing eachmetal. Themetal solutionmay
be an aqueous solution or a solution using an organic
solvent.

The reaction temperature at which hydrorefining
is carried out using a catalyst composed of the active
metal A type is preferably 180°C or higher and 400°C
or lower, more preferably 200°C or higher and 370°C or

lower, more preferably 250°C or higher and 350°C or

_17_



metal A type is preferably 0.5 MPa or greater and 12 -18 MPa or |ess, nore
preferably 1.0 MPa or greater and 5.0 M-a or |ess. Although a higher
hydrogen pressure facilitates the hydrogenation reaction, there is
generally an optinmum point in econom cal sense. The hydrogen pressure at .
whi ch hydrorefining is <carried out using a catal yst conposed of the active
nmetal B type is preferably 2 MPa or greater and 10 MPa or |ess, nore
preferably 2.5 MPa or greater and 8 MPa or |ess, nore preferably 3 MPa or
greater and 7 MPa or |ess. Although a higher hydrogen pressure facilitates

t he hydrogenat kon nfeaet bars £ &haba ¢ s2gerrer abky haingh 8pt iaAMN BGIOHCI By
econom cal sense. The li1quid hourly space velocity (LHSV) at which

hydrorefinidigeks car Er'e%j:@m)nu%'e%é‘rﬁ%t@é/séfQ?ﬂB‘H%erd trpént@f?oa@wse met al
A type is preferably 0.1 h-1 or greater and 10.0 1 or less, nore

Preferablyloocéw?éer Eé%@éu%@t%egaﬂléle Sg\e/éﬁerﬁ\&hmum@aée LHSV

i s advant ageous for t e reaction, a't I's not ‘econom ca
pr ef er abl ec reguifre n tr ol vol une, Ieadlng to
an excessﬁﬁ% %§§§951 Ynggstﬁ%% n)é éﬁﬁf ﬁles‘éﬂ% ﬁlquﬁ%F%oﬁrly space

vel ol Uy (L By LR hidraraiping o3 exrpiat quusiog s s alyst
h-1 or Ie%iaggge @gifaggﬁkgazf?a%tlon A reaction temperature
of lower than 270°C 1s not also preferable because
alcohols can not be removed and thus remains in the
reaction system.

The reaction temperature at which hydrorefining
is carried out using a catalyst composed of the active
metal B type is preferably 170°C or higher and 320°C
or lower, more preferably 175°C or higher and 300°C or
lower, more preferably 180°C or higher and 280°C or
lower. A reaction temperature of higher than 320°C is
not preferable because the yield of the middle fraction
is reduced, resulting from an increase in a side
reaction wherein the ligquid fraction or FT wax is
cracked to a naphtha fraction. A reaction temperature
of lower than 170°C is not also preferable because
alcohols can not be removed and thus remains in the
reaction system.

The hydrogen pressure at which hydrorefining is

carried out using a catalyst composed of the active

metal A type 1s preferably 0.5 MPa or greater and 12

-18-~



-19 greater and 1. 5 h-1 or less, nore preferably 0.3 h-1 or greater and
1.2 h-1 or less. Although a lower LHSV is advantageous for the reaction, a
too low LHSV is not econom cally preferable because it requires an
extrenely |large reactor volume, leading to an excessive capital investnent
in facilities. The hydrogen/oil ratio at which hydrorefining is carried out
using a catal yst conposed of the active netal A type is preferably 50 NL/L
ar greater and 1000 NL/L or less, nore preferably 70 NL/L or greater and
800 NL/L or less. Although a higher hydrogen/oil ratio facilitates the
reacti onmMadese iss genapald y radf opLIDTINN 1 poimbai Bregeren €al agense.0 The
hydrogen/oil ratio at which hydrorefining is carried out using a catalyst

conposedvaf, the actdiye mtte}{o@ghyme h leeeé engbline 498 Ni/dseur@ eater and

800 NL/L or less, nore prefera ly 120 NL/L or greater and 600 NL/L or
| ess, m &{f&%aafég 2R N#gthJ 9h§ati®n 28d 0P AL/ Ly o8 rkesss Al though a
hi gher hy rogen/ ol ratio CI|I ates the reaction, there is generally an

opt | mum Bl AL 1) 185ONQMGAL 1 ARG, £RLAL St s ey g ivakgeracking are

general |y ose onpr|S|ng a dgenation-active met al supported on a
support w1 h Sehid pehdior B OBELI S DY PR BSANE L OYAN 1 9 1S not

carried out using a catalyst composed of the active
metal B type is preferably 2 MPa or greater and 10 MPa
or less, more preferably 2.5 MPa or greater and 8 MPa
or less, more preferably 3 MPa or greater and 7 MPa or
less. Although a higher hydrogen pressure facilitates
the hydrogenation reaction, there is generally an
optimum point in economical sense.

The liquid hourly space velocity (LHSV) at which
hydrorefining is carried out using a catalyst Composed
of the active metal A type is preferably 0.1 h™! or
greater and 10.0 h™' or less, more preferably 0.3 h7!
or greater and 3.5 h™! or less. Although a lower LHSV
is advantageous for the reaction, a too low LHSV is not
economically preferable because it requires an
extremely large reactor volume, leading to an excessive
capital investment in facilities.

The ligquid hourly space velocity (LHSV) at which
hydrorefining is carried out using a catalyst composed
of the active metal B type is preferably 0.1 h™! or

greater and 2 h™! or less, more preferably 0.2 h™! or
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as the sanme effects are obtained. As for the support wth solid acidic

properties, there are anorphous and crystalline zeolite types. Specific

exanpl es include silica-alumna, silica-mgnesia, silica-zirconia and

silica-titania, which are of anorphous type and zeolites of faujasite,
and nordenite types, preferably Y type and beta type. The Y type
zeolites are preferably those that are ultra stable. Preferred for the

beta, M-I

active nmetal are those of the following two types (active netal A type and .
active netal B type). The active netal Atype is at | east one type of

netal mai

fromthe

orne

cat al yst fgglré)gg %ﬁ]&ting Py E%be usegtl 1{) gnd Wl(fwé‘lgbt%s\;retgl

pre- reductl n_treat ment der 6ydro en flow In eggral I\Mtélﬁ cata

heat ed at

on the cm%HQQPW%Fa

ese nmetal s ca belng subj ected

V?B&Sé’r%?ﬂrse ot 2b8 Ree

D4 n aéco

active netal B type may be a conblnatlon of -21 these netals, such as
Pt - Pd, Co-9vbtrRievby INTQ@ RAgctor volume, leading to an excessive

capital investment in facilities.

The hydrogen/oil ratio at which hydrorefining is
carried out using a catalyst composed of the active
metal A type is preferably 50 NL/L or greater and 1000
NL/L or less, more preferably 70 NL/L or greater and
800 NL/L or less. Although a higher hydrogen/oil ratio
facilitates the reaction, there is generally an optimum
point in economical sense.

The hydrogen/oil ratio at which hydrorefining is
carried out using a catalyst composed of the active
metal B type is preferably 100 NL/L or greater and 800
NL/L or less, more preferably 120 NL/L or greater and
600 NL/L or less, more preferably 150 NL/L or greater
and 500 NL/L or less. Although a higher hydrogen/oil
ratio facilitates the reaction, there is generally an
optimum point in economical sense.

Catalysts used for hydrocracking are generally
those comprising a hydrogenation active metal
supported on a support with solid acidic properties,

but the present invention is not limited thereto as long

-20-

’Hﬂ’e§€|eerCtaerijde 0B Lhe &EOPBs%O”SIﬁéT:b”Br%ffeI:Q% 'm & pups, A and 8
of the periodic table. 1t is preferabl’y at east one type net al sel ected

IS

Yernlned

on' e CARSRPTE | UGt SR TS é%%%?%grﬁ%ﬁr”a%%ﬁ%?f‘%ﬁt%%?iﬂf The.



Ni - Co- Mo. When a catalyst forned of these netals is wused, it nust undergo a
pre-sul furization process before use. The netal source may be a
conventional inorganic salt or conplex salt conpound. The supporting method
iy be any supporting nethod that has been usually used for hydrogenation
catal ysts, such as inpregnation and ion-exchange nethods. When a plurality
of netals are supported, they nmay be supported sinultaneously using a

m xed solution thereof or sequentially using a single solution containing
each netal. The netal solution may be an aqueous solution or a solution

w t h an aos gahiec ssnkvenifethe raeaet iodnt & enper.at ure at whi ch hydrocracki ng

is carried out using a catal yst conposed of the active netal type A and
active netal tagpefBrisherefiagpbky 200G o6 Lhiggheriand #50@mortliewer, nore
preferably 250C or higher and 430C or |ower, nore preferably 300C or

hi gher anile4@0G 08 baweFpnhBuleach HOrR tpspanatisie efeohi ghert $hap .450C i s not
preferabl e because the yield of the mddle fraction is extrenely reduced,

resul ting,.EraM anskNGSRSE iih & §hde 4 £aelH0n Yhare{d, the liquid fraction
or FT wax 1s cracked to a naphtha fraction. A reaction tenperature of | ower

it Qa”e)%??sg% F( c%o-tr&é‘%%% s142 pLaferable ecause e artividve Pt athe, catal yst
y reduced.
which are of amorphous type and zeolites of faujasite,
beta, MFI and mordenite types, preferably Y type and
beta type. The Y type zeolites are preferably those
that are ultra stable.

Preferred for the active metal are those of the
following two types (active metal A type and active
metal B type).

The active metal A type is at least one type of
metal mainly selected from the group consisting of
those in Groups 6A and 8 of the periodic table. It is
preferably at least one type of metal selected from the
group consisting of Ni, Co, Mo, Pt, Pd and W. A noble
metal catalyst formed of these metals can be used after
being subjected to a pre-reduction treatment under
hydrogen flow. 1In general, the catalyst is heated at
a temperature of 200°C or higher in accordance with
predetermined procedures, circulating a gas containing
hydrogen so that the active metal on the catalyst is

reduced and thus exhibits hydrogenation activity.

The active metal B type may be a combination of
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The hydrogen pressure at which hydrocracking is carried out using a

cat al yst conposed of the active netal type A and active netal type Bis
preferably 1 MPa or greater and 20 MPa or |less, nore preferably 4 MPa or
greater and 16 MPa or less, nore preferably 6 MPa or greater and 13 MPa or
| ess. Al though a higher hydrogen pressure facilitates the hydrogenation
reaction, the cracking reaction would rather proceed slowy and thus needs
to be adjusted in the proceeding thereof by increasing the reaction
tenperature, leading to a short working |ife of the catalyst. Therefore,
there is generally an optimum point in economcal sense. The liquid hourly
space vel BEEEYE MHSH) Sat SHFEN 2 hyRE o&hek AgMi chhi ritey o ~Wsi mynd

catal yst conposed of the active netal A type is preferably 0.1 h-1 or
greater ahd-C®-Mhp-1 Bhdress, cadrael ppéf drabhpd).gt hthesw mesatles &ad 3.5
h-1 or less. Although a lower LHSV is advantageous for the reaction, a too
| ow LHSV usendot itcomati cahlde pgef er abt e-beclalise iizta tr equi asoaasextrenel y

| arge reactor volune, |eading to an excessive capital investnment in
faciliti esefthe ligei.d hourly space velocity (LHSV) at which -23
hydrocracking is carried out using a catal yst conposed of the active netal
B type is prefergpbl ¥e®.al hsdueice dLAtILE aNEoA Vet 8 £B5Si nBRIg: PL ef erably

0.2 h-1 or

salt or complex salt compound. The supporting method
may be any supporting method that has been usually used
for hydrogenation catalysts, such as impregnation and
ion-exchange methods. When a plurality of metals are
supported, they may be supported simultaneously using
a mixed solution thereof or sequentially using a single
solution containing eachmetal. Themetal solutionmay
be an agueous solution or a solution with an organic
solvent.

The reaction temperature at which hydrocracking
is carried out using a catalyst composed of the active
metal type A and active metal type B is preferably 200°C
or higher and 450°C or lower, more preferably 250°C or
higher and 430°C or lower, more preferably 300°C or
higher and 400°C or lower. A reaction temperature of
higher than 450°C is not preferable because the yield
of the middle fraction is extremely reduced, resulting
from an increase in a side reaction wherein the liquid
fraction or FT wax is cracked to a naphtha fraction.

A reaction temperature of lower than 200°C is not also

-22-



greater and 1.7 h"1 or less, nore preferably 0.3 h-1 or greater and 1.5 h-1
or less. Although a lower LHSV is advantageous for the reaction, a too | ow
LHSV is not economcally preferable because it requires an extrenely |arge
reactor volunme, |leading to an excessive capital investnent in facilities.
The hydrogen/oil ratio at which hydrocracking is <carried out using a
cat al yst conposed of the active netal A type is preferably 50 NL/L or
greater and 1000 NL/L or less, nore preferably 70 NL/L or greater and 800
NL/L or less, nore preferably 400 NL/L or greater and 1500 NL/L or |ess.
Ntrmughgﬁﬁfgmﬁbh?dhﬁﬁmW§ﬂ that pefhaei kit @esthife ¢ohetivont LBere is
generally an optinmum point in econom cal sense. The hydrogen/oil ratio at
whi ch hydentraca hy rsdwaedi.ed out using a catal yst conposed of the active
netal B type is preferably 150 NL/L or greater and 2000 NL/L or less, nore
preferably 300 NéLhod pp@ahep rangs ut20G NLwhiah Itegs romorac prieferiabl y 400
NL/L or greater and 1500 NL/L or l|less. Although a higher hydrogen/oil

ratio facihitrateas bhe neachigonn ¢hend st gereimdbydarn £ ophignae paivid i n
econoni cal sense. -24 The reactor for hydrogenation nmay be of any structure

and a singbeaar @Y@éurAalar;a QEtrlaa@tm@&épw@? pdBy be wsedse Hydyiogen may be
additionally supplied between a plurality of reaction tomers The reactor

MPa or greater and 20 MPa or less, more preferably 4
MPa or greater and 16 MPa or less, more preferably 6
MPa or greater and 13 MPa or less. Although a higher
hydrogen pressure facilitates the hydrogenation
reaction, the cracking reaction would rather proceed
slowly and thus needs to be adjusted in the proceeding
thereof by increasing the reaction temperature,
leading to a short working life of the catalyst.
Therefore, there is generally an optimum point in
economical sense.

The liquid hourly space velocity (LHSV) at which
hydrocracking is carried out using a catalyst composed
of the active metal A type is preferably 0.1 h™ or
greater and 10.0 h™! or less, more preferably 0.3 h’!
or greater and 3.5 h™! or less. Although a lower LHSV
is advantageous for the reaction, a too low LHSV is not
economically preferable because it requires an
extremely large reactor volume, leading to an excessive

capital investment in facilities.

The liquid hourly space velocity (LHSV) at which
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may have a facility for renoving sulfurized hydrogen and a distillation
tower for fractionally distilling hydrogenated products for producing
desired fractions. The reaction node of the hydrogenation reactor may be a
fi xed bed node. Hydrogen may be supplied to the feedstock in a counter or
parallel flow node. Alternatively, the reaction node may be a conbination ~
of counter and parallel flow nodes, with a plurality of reaction towers.
The supply node of the feedstock is generally down flow and is preferably a
gas-liquid cocurrent flow node. Hydrogen gas may be supplied as quencher

into a md rtion_of .a reactor f the . purposes_of renoving th
reaction hr?géafogr alcnlggg s%%gC%t$%l%9d§g§egS&ar‘rf)#iézilcapfggél . CAhE sed

above- nenti oned petrol eum based base oil,is _a hydrocarbon_base oil produced
by proceé%%n@ﬁgrdﬁﬁtbyﬁ.I“%gﬁﬁpﬁgstyﬁgldﬂ% ?Fﬁﬁgéﬁﬁggé%egoﬂlglpréﬁﬁced

t hrough an at nospheri istillation unit; vacuum base oils _produced by
processi B 2 F&FgH Redvy? oi IPTorl §&SirdC L Br BdREB IR 0UghH - #n Tt nsspheri ¢
distillation unit, in a vacuumdistillation unit; catalytically cracked or

-25 hydr adreeked Base bi /shpr cdticke sy @ apyPiredl¢ yabdmadki dghor or
hydr ocr acki ng vacuum heavy base oil or desul furized fuel oil; and
hydr or ef igreglabe r lyd otleSuhf Ur bzed elsase oRlL$ hyywdbced lipw ey dEESSF iins ng  any
of these petrol eum hydrocarbons. Alternatively,
advantageous for the reaction, a too low LHSV is not
economically preferable because it requires an
extremely large reactor volume, leading to an excessive
capital‘investment in facilities.
The hydrogen/oil ratio at which hydrocracking is
carried out using a catalyst composed of the active
metal A type is preferably 50 NL/L or greater and 1000
NL/L or less, more preferably 70 NL/L or greater and
800 NL/L or less, more preferably 400 NL/L or greater
and 1500 NL/L or less. Although a higher hydrogen/oil
ratio facilitates the reaction, there is generally an
optimum point in economical sense.
The hydrogen/oil ratio at which hydrocracking is
carried out using a catalyst composed of the active
metal B type is preferably 150 NL/L or greater and 2000
NL/L or less, more preferably 300 NL/L or greater and
1700 NL/L or less, more preferably 400 NL/L or greater
and 1500 NL/L or less. Although a higher hydrogen/oil

ratio facilitates the reaction, there is generally an

optimum point in economical sense.
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ot her than crude oil, base oils produced by subjecting to resources
referred to as unconventional petroleum resources, such as oil shale, oi
sand and Orinoco tar to suitable processing to have properties equival ent

to those of the foregoing base oils may be used as the base oil in the
present invention. The above-nentioned highly hydrogenated petroleum based
base oil is a kerosene or gas oil fraction produced by hydrorefining and

then hydrotreating a predeterm ned feedstock. Exanples of the feedstock
i ncl ude straight kerosene or gas oils produced through an atnospheric

distillation umidofor s &f yde Qld i nYacUIL kenosene ly 038 @d sapyoduced by

processi ng strai ght heavy oil or r produced through an atnospheric

distiliation uyf, ol 0na Yaguym dist ol Laton yaiy o 20d Ty g aretioned, and

hydrodesdf urized Kerosene or “gas oil's produced by otreating

catal ytically. cracked kerpsene or gas ils_produc y, catal yti cally
cracki ng BRguFuri 984 - orl%ﬁﬁags?tﬁrf u?‘ﬁ%’eg)?/aéﬁ n%?g%rgglggnle)?otrs% singg s, vacuum
-26 heavy gas oil or qgsul yrized_fuel oi|. Wien the feedstock is a gas oi
fracti on,PSEHFER i BnB ora hydroref i APAT h§ "b& AHBEE “det'dti hEF © WhEn a
hydrodesul furizing unit is_generally used for petroleumrefining.
Gener al | yrahy ot ef anfRg ok 1hYgdO T of PGBk R ol Yist RALESH byf iRl
conditi ons where the

and a distillation tower for fractionally distilling

hydrogenated products for producing desired fractions.

The reaction mode of the hydrogenation reactor may
be a fixed bed mode. Hydrogen may be supplied to the
feedstock in a counter or parallel flow mode.
Alternatively, the reaction mode may be a combination
of counter and parallel flow modes, with a plurality
of reaction towers. 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
purposes of removing the reaction heat or increasing
the hydrogen partial pressure.

The above-mentioned petroleum-based base o0il is
a hydrocarbon base oil produced by processing crude oil.
Examples include straight base oils produced through
an atmospheric distillation unit; wvacuum base o0ils
produced by processing straight heavy o0il or residue
produced through an atmospheric distillation unit, in

a vacuum distillation unit; catalytically cracked or
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reaction tenperature is from300 to 380C, the hydrogen pressure is from3
to 8 MPa, the LHSV is fromO0.3 to 2 h-1, and the hydrogen/oil ratio is from

100 to 500 NL/L. When the feedstock is a kerosene fraction,
hydrorefi ning may be those determ ned when a hydrodesul fur
generally used for petroleumrefining. Generally, hydrorefi

conditions for
zing unit is
ning of a

kerosene fraction is carried out under conditions where the reaction

tenperature is from220 to 350C, the hydrogen pressure is f
the LHSV is from 0.1 to 10 h-1, and the hydrogen/oil ratio

roml to 6 MPa,
is from1l0 to

300 NL/ L,h)pcgghggfabé Yegondi L ions l\l\geg)got Ctégaét)k/gg?ttaﬁlgyfﬁg%ﬂgyi s from 250

to 340C, the ogen pressure 1S from

from1l to 10
e . preferably

h-1, and _the, h Loil ratio is from30 to 200 NL/L .
inder " Corfdi T SAE heFe "OHer P B b1 ol SrerAfuree REUF K547 376 th 3300, ¢ he

hydr ogen to 4 MPa, the LHSV

s from2 to 10 h-1, and

ressure .is from I
t he hydr(Sjgee?ﬁ1 %Iurrja%?g iéu? o5 tﬁnéjod]mfﬂrqé?nﬁq oWer reaction

tenperature i s advantageous for hydrogenation reaction but

i S not

pr ef er ablhey § 6P dedas tif il Zai DA SPe&dt) Do r AdmCh@re nylly 8garr 9f éssure and a
hi gher hydrogen/oil ratio facilitate desulfurization and hydrogenation
react i ongrhyit ofhéree s e spgt pi erimpni ne dar keosoni dal t semset 1 mletlhough a

| ower LHSV is advant ageous for the reaction, a too | ow

other than crude oil, base oils produced by subjecting
to resources referred to as unconventional petroleum
resources, such as oil shale, 0il sand and Orinoco tar
to suitable processing to have properties equivalent
to those of the foregoing base oils may be used as the
base o0il in the present invention.

The above-mentioned highly hydrogenated
petroleum~-based base 0il is a kerosene or gas oil
fraction produced by hydrorefining and then
hydrotreating a predetermined feedstock. Examples of
the feedstock include straight kerosene or gas oils
produced through an atmospheric distillation unit for
crude o0il; vacuum kerosene or gas oils produced by
processing straight heavy o1l or residue produced
through an atmospheric distillation unit, in a vacuum
distillation unit; and hydrorefined and
hydrodesulfurized kerosene or gas oils produced by
hydrotreating catalytically cracked kerosene or gas
oils produced by catalytically cracking desulfurized

or undesulfurized vacuum kerosene or gas oils, vacuum
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LHSV is not economically preferable because it requires an extrenely |arge
reactor volune, leading to an excessive capital investnent in facilities. A
catal yst used for the hydrorefining nay be any of the conventional

hydr odesul furi zati on catal ysts. Preferably, the active netals of the

catal yst are the Goups 6A and 8 netals of the periodic table. Exanples of
these netals include Co-Mb, N -M, Co-W and Ni-W The support nmay be an
porous inorgani c oxide containing alumna as the main conmponent. These
conditions and the catalyst are not particularly restricted as long as the

char act erﬁg;i‘,&?@gglstsgg&f eggsgj C f‘%ﬁrsia%%ﬁf if%delT glf eedstock used in the

present i'nven roduce rough € above-déscri bed hydrorefining
process and ha referably a | fur content _of 5.pp b ss or nore and 10
ppm by mass or%V§%§ gﬁﬁia¥88pﬁﬁh C&pdf%taogafédﬁlgrqh?ﬁﬁgg%ﬁhﬁ 380C or

| ower. The feed 6 stock having a sulfur, content and a boiljn oi,nt within
128 t hese P AAddsi QAR SRTurbY LR sy adH dUeneRE GriPRE AHar ABEErT St i cs
defined for the follow ng high hydrogenation process. The highly

hydr ot r et BB Nbas & B F Ofde it bAUCEF b I Mydk bt i+ Eatd YT E Rd laboveSded@ ¥ bed

hydrogenated kerosene or gas oil as the feedstock in the presence of a
hydr ogenak ¢ b ode @ yse £ 10eAtd t | ofis nfeora i he hihgl 50 hedricyendat P &¥@St hose

0oil fraction is carried out under conditions where the
reaction temperature is from 300 to 380°C, the hydrogen
pressure is from 3 to 8 MPa, the LHSV is from 0.3 to
2 h™', and the hydrogen/oil ratio is from 100 to 500
NL/L. When the feedstock is a kerosene fraction,
conditions for hydrorefining may be those determined
when a hydrodesulfurizing unit is generally used for
petroleum refining. Generally, hydrorefining of a
kerosene fraction is carried out under conditions where
the reaction temperature is from 220 to 350°C, the
hydrogen pressure is from 1 to 6 MPa, the LHSV is from
0.1 to 10 h™', and the hydrogen/oil ratio is from 10
to 300 NL/L, preferably conditions where the reaction
temperature is from 250 to 340°C, the hydrogen pressure
is from 2 to 5 MPa, the LHSV is from 1 to 10 h™!, and
the hydrogen/oil ratio is from 30 to 200 NL/L, more
preferably under conditions where the reaction
temperature is from 270 to 330°C, the hydrogen pressure
is from 2 to 4 MPa, the LHSV is from 2 to 10 h™!, and

the hydrogen/oil ratio is from 50 to 200 NL/L.
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where the reaction tenperature is from 170 to 320C, the hydrogen pressure
is from2 to 10 MPa, the LHSVis fromO0.1 to 2 h-1, and the hydrogen/oil
ratio is from 100 to 800 NL/L, preferably conditions where the reaction
tenperature is from175 to 300C, the hydrogen pressure is from2.5 to 8
MPa, the LHSVis from0.2 to 1.5 h-1, and the hydrogen/oil ratio is from -
150 to 600 NL/L, nore preferably under conditions where the reaction
tenperature is from180 to 280C, the hydrogen pressure is from3 to 7 Mra,
the LHSV is from0.3 to 1.2 h-1, and the hydrogen/oil ratio is from150 to’
500 NL/L. A Igyﬁ%%reaction tenperature i% advantgﬁgous for hydrogenation

reaction but i WO F ef 8P4 £C PoF CTHRSHR FUrG Z at T A9V 8&dt3 BRO YR Hi Gher
hydrogen pressure and a higher hydrogen/oil ratio facilitate
desul f ur it88 r 69 eIt hydr ogeA&tion r Bact i bhs it PREEEr2B81len BPri mum poi nt
in econom cal sense. Although a -29 lower LHSV is advantageous for the
reacti on,dasuéd UnizaltHI\N | 8e ATt lexdnonPchllioh ¥ df edalbice hapnassuter equires
an extrenely large reactor volume, leading to an excessive capital
i nvest nergndnaf aci §heireshydromian f oi lhyda bticeaf @ ng ltihea £ eedst ock havi ng been
hydrorefi ned may be of any structure, and a single or a plurality of
react ors dé&s Qi hatban smyahd hsedoqgédragen fayche @ddi buanalHere
introduced into the spaces between a plurality of reactors. The
hydrorefifingn optimum point in economical sense. Although a

lower LHSV is advantageous for the reaction, a too low

LHSV is not economically preferable because it requires

an extremely large reactor volume, leading to an

excessive capital investment in facilities.

A catalyst used for the hydrorefining may be any
of the conventional hydrodesulfurization catalysts.
Preferably, the active metals of the catalyst are the
Groups 6A and 8 metals of the periodic table. Examples
of these metals include Co-Mo, Ni-Mo, Co-W, and Ni-W.

The support may be an porous inorganic oxide containing
alumina as the main component. These conditions and
the catalyst are not particularly restricted as long
as the characteristics of the feedstock are satisfied.

The feedstock used in the present invention is
produced through the above-described hydrorefining
process and has preferably a sulfur content of 5 ppm
by mass or more and 10 ppm by mass or less and a boiling

point of 130°C or higher and 380°C or lower. The feed

stock having a sulfur content and a boiling point within
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unit may be provided with a gas-liquid separation systemor a hydrogen

sul fide renoval system The reaction node of the hydrogenation reactor nmay
be a fixed bed node. Hydrogen may be supplied to the feedstock in a counter
or parallel flow node. Alternatively, the reaction node may be a

conmbi nation of counter and parallel flow nodes, with a plurality of
reaction towers. The supply node of the feedstock is generally down flow
and is preferably a gas-liquid cocurrent flow node. Hydrogen gas may be
supplied as quencher into a mddle portion of a reactor for the purposes
of renovitite she Nagage BoIT Hreat NG T AIcE8ES| 91y S vt eCh gvegean partd af her essure.
A catal yst used for hydrotreating conprises a hydrogenation active netal
support edlomracpeols t isuppdetf.inkhe pormushsuppotiomeydehayh norgani ¢ oxi de
-30 such as alum na. Exanples of the inorganic oxide include alum na,
titania, heydeonienabobina,psbkieeas. and zeolite. In the present invention,
the support is preferably conposed of alum na and at | east one selected

fromtitania, ﬁH@OWEQhﬂ¥”E?dr$ﬁ£§§téﬂﬂbagémdﬂﬁ-ighgw%d§c€@ pay ticul ar
restriction on the nethod of producing the support. Therefore, there may

be enpl oypdy 2By AL PO usi NE LV PRLEU AL SibR d ey hedBe Qe s or salt
conpounds ‘each contai ni'lng any of the elenents. Ayternatlvely, t he support
may be preparedne or gas 01l as the feedstock in the presence

of a hydrogenation catalyst.

Conditions for the highly hydrogenation are those
where the reaction temperature is from 170 to 320°C,
the hydrogen pressure is from 2 to 10 MPa, the LHSV is
from 0.1 to 2 h™!, and the hydrogen/oil ratio is from
100 to 800 NL/L, preferably conditions where the
reaction temperature is from 175 to 300°C, the hydrogen
pressure is from 2.5 to 8 MPa, the LHSV is from 0.2 to
1.5 h™!, and the hydrogen/oil ratio is from 150 to 600
NL/L, more preferably under conditions where the
reaction temperature is from 180 to 280°C, the hydrogen
pressure is from 3 to 7 MPa, the LHSV is from 0.3 to
1.2 h™', and the hydrogen/oil ratio is from 150 to 500
NL/L. A lower reaction temperature is advantageous for
hydrogenation reaction but is not preferable for
desulfurization reaction. A highér hydrogen pressure
and a higher hydrogen/oil ratio facilitate

desulfurization and hydrogenation reactions but there

is an optimum point in economical sense. Although a
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by form ng a conpl ex hydroxide or oxide such as silica alumna, silica
zirconia, alumna titania, silica titania, and alum na boric and then
adding at any step alumina in the formof alumna gel, a hydroxide, or a
suitabl e solution. Alum na can be contained in any ratio to the other

oxi des on the basis of the porous support. However, the content of alum na-
is preferably 90 percent by mass or |ess, nore preferably 60 percent by
mass or |less, and nore preferably 40 percent by nass or |ess, of the nass
of the porous support. Zeolite is a crystalline alumno silicate. Exanples’
of the crystalline structgre include faujasite, pentasil, and nordenite.

These zedt?¥8< LiayV pesS thQ¥@ 3988 5atiq z%]aeb§e§%tpéepff| & URRirdt Her mal

treatnment and/or acid treatnent _or those -31 whose alumi na content is
adj ust ed. LB ¥f &8 eIt ROPNEESL Cald vt RESE DF aPdF BsidrUsBet b BREUATII®NI t e
types, and particularly preferred zeolites are those of Y and beta types.
The zeol iarsesft emepy arrpeefrgablty wl Y epaustabi Liegsti nFThe @il ana-stabil i zed
zeolite have a mcro porous structure peculiar thereto, so-called mcro
pores of £0cAserlisanklegriaad dlrsoenéwontoimedf apades iast.he range of 20 to
100 A. The hydrothermal treatnment nmay be carried out under known
conditions. Theuactt \fe meétyed rot rideet Catat jiet fveels f oc khydrdingatdeg i s at
| east one netal selected fromthe

hydrorefined may be of any structure, and a single or

a plurality of reactors in combination may be used.

Hydrogen may be additionally introduced into the spaces

between a plurality of reactors. The hydrorefining

unit may be provided with a gas-liquid separation

system or a hydrogen sulfide removal system.

The reaction mode of the hydrogenation reactor may

be a fixed bed mode. Hydrogen may be supplied to the

feedstock in a counter or parallel flow mode.

Alternatively, the reaction mode may be a combination

of counter and parallel flow modes, with a plurality

of reaction towers. 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

quencher into a middle portion of a reactor for the

purposes of removing the reaction heat or increasing

the hydrogen partial pressure.

A catalyst used for hydrotreating comprises a

hydrogenation active metal supported on a porous

support. The porous support may be an inorganic oxide
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G oup 8 netals of the periodic table, preferably at |east one neta

selected fromRu, Rh, Ir, Pd, and Pt, and nore preferably Pd and/or Pt.
These netals may be wused in conbination such as Pt-Pd, Pt-Rh, Pt-Ru, Ir-Pd,
lr-Rh, Ir-Ru, Pt-Pd-Rh, Pt-Rh-Ru, Ir-Pd-Rh, and Ir-Rh-Ru. The nmetal sources
of these nmetals may be inorganic salts or conplex salt conpounds which have
been conventionally used. The nethod of supporting the netal may be any of
net hods such as imersion and i on exchange which are used for a
hydrogenation catal yst. Wen a plurality of nmetals are supported, they may
be suppotted @singlaminad sBK@NBASShareof hgt kmergamel ct pagide
Alternatively, a plurality of nmetals may be supported using solutions each
cont ai ni npnanydd ahenid2 netidl snone afitmroamnet,hbor Thesel pdtcd , sotdti ons
may be aqueous sol utions or those produced using an organic solvent. The
nmet al (s) faylhe suppdnt ecth®nptrle ot ousvenppart, ather cwopplett onsof all the
steps for preparing the porous support. Alternatively, the netal (s) may be

support ed, g8 flehes PoKous-BYBRYd 68 tLheihond afna asuitaebke axwde, conpl ex
oxi de or zeolite produced at the internedi ate stage of the preparation of

the porouse13URROLT randh then JYa Progeedoha el pBrarar akian o, bansubj ect ed
to heat-concentration and kneading. There is no particular restriction on

the amunf.s1ite. There is no particular restriction on the

method of producing the support. Therefore, there may
be employed any method using raw materials in the form
of sols or salt compounds each containing any of the
elements. Alternatively, the support may be prepared
by forming a complex hydroxide or oxide 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 the other oxides on the basis of the porous
support. However, the content of alumina is preferably
90 percent by mass or less, more preferably 60 percent
by mass or less, and more preferably 40 percent by mass
or less, of the mass of the porous support.

Zeolite is a crystalline alumino silicate.
Examples of the crystalline structure include
faujasite, pentasil, and mordenite. These zeolites
may be those ultra-stabilized by a specific

hydrothermal treatment and/or acid treatment or those
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of the active netal (s) to be supported. However, the amount is fromO0.1 to
10 percent by mass, preferably fromO0.15 to 5 percent by mass, and nore
preferably from 0.2 to 3 percent by mass on the basis of the catal yst

mass. The catalyst is preferably used after it is subjected to a
pre-reduction treatnent under a hydrogen stream In general, the active -
netal (s) are subjected to heat at 200C or higher in accordance with the
predet ermi ned procedures, circulating gas containing hydrogen and then
reduced, thereby exerting catalytic activity. The animal- or

vegetabl erlveg B r.ocessed._oi é referred ov are $ase | s conposed
of hydr od4tbdfis® L By éﬁ°%§e§§pﬁflﬁ Jéﬁ%ﬁ?gal réﬁ% Fort ¢ 65%% ée3pplied
to produce the aboveéﬂe cri.bed, eetroleun}ba ed base oils, to oils or fats
yi el ded &rF prodfiéé&d © BJagrl YegePEh® 336 RREAGRISE MOFReSpedd cal |y,
the animal- or vegetabl e-derived processed oils are hydrocarbon-contai ning
n xed ba®e bof L& Yrdabyerr By e%Bﬁtjaéﬁioﬁglta?lsa%ifﬁ'at'—h@rsq/@g‘%ﬂaﬁpéi pgttand a
conponent derived therefromused as a feedstock with a hydrocracking

cat al yst teome ai-ni Ad et zkedsitt ®fe ofr hoke P ared dkes et éetredb fyom t he Groups 6A

and 8 netals of the periodic table and an inorganic oxide with acidic

properti es,t vadert dydiogerd pr eSher a1l The ferastiddkcoffi zeolite have
a micro porous structure peculiar thereto, so-called
micro pores of 20 A or smaller and also newly formed
pores in the range of 20 to 100 A. The hydrothermal
treatment may be carried out under known conditions.

The active metal of the catalyst used for

hydrotreating is at least one metal selected from the
Group 8 metals of the periodic table, preferably at
least one metal selected from Ru, Rh, Ir, Pd, and Pt,
and more preferably Pd and/or Pt. These metals may be
used in combination such as Pt-Pd, Pt-Rh, Pt~Ru, Ir-Pd,
Ir-Rh, Ir-Ru, Pt-Pd-Rh, Pt-Rh-Ru, Ir-Pd-Rh, and
Ir-Rh-Ru. The metal sources of these metals may be
inorganic salts or complex salt compounds which have
been conventionally used. The method of supporting the
metal may be any of methods such as immersion and ion
exchange which are used for a hydrogenation catalyst.
When a plurality of metals are supported, they may be
supported using a mixed solution thereof at the same

time. Alternatively, a plurality of metals may be

supported using solutions each containing any of the
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the ani mal - or vegetabl e-derived processed oil is necessarily an animal or
vegetabl e fat or a conponent derived therefrom Exanples of the aninmal or
vegetable fat or the conponent originating therefromused herein include
natural or artificially nade or produced aninmal or vegetable fats and

ani mal or vegetable fat conponents originating therefrom Exanples of raw
materials of the animal fats and animal oils include beef tallow, mlk fat
. (butter), lard, mutton tallow, whale oil, fish oil, and liver oil. Exanples
of raw materials of the vegetable fats and vegetable oils include the
Seeds amnsdtellerompar &< tafr canonitie r pal Mhte ee, medd bl swé utsbd hkowsy rape
(rape bl ossons), rice bran, sunflower, cotton seed, corn, soy bean, sesane,

and flpxsagdeokal 8 odru ©i bs Obhet ndwd dheae qydducedqf sam ryhesiec materi al s
may al so be used in the present invention. The feedstocks nay be of solid

or ligugvhyt are preferably produced fromvegetable fats or vegetable
oils with the objective of easy handling, carbon dioxide absorptivity, and

hi gh duct inui jyel i |ty f h f
Uhase’ani mal aha’ BSSetabre 61T For RenEsha & Phauct By P it Food

[ t d ' I
i or & P8 R Bt o Pt e e B R RCE B B Tt EB o bosi ti on of

the fm%ye porous support. Alternatively, the metal(s) may

be supported on the porous support in the form of a
suitable oxide, complex oxide or zeolite produced at
the intermediate stage of the preparation of the porous
support and then may proceed to gel-preparation or be
subjected to heat-concentration and kneading.

There is no particular restriction on the amount
of the active metal(s) to be supported. However, the
amount is from 0.1 to 10 percent by mass, preferably
from0.15 to 5 percent by mass, and more preferably from
0.2 to 3 percent by mass on the basis of the catalyst
mass.

The catalyst is preferably used after it 1is
subjected to a pre-reduction treatment under a hydrogen
stream. In general, the active metal(s) are subjected
to heat at 200°C or higher in accordance with the
predetermined procedures, circulating gas containing
hydrogen and then reduced, thereby exerting catalytic
activity.

The animal- or vegetable-derived processed oils
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acid part of the glyceride conpounds contained in these feedstocks include
fatty acids, so-called saturated fatty acids having no unsaturated bond in
t he nol ecul es, such as butyric acid (C3H7COOH), caproic acid (C5HL1COOH),
caprylic acid (C7HL5COOH), capric acid (CO9HL9COCH), lauric acid
(C11H23000H), nyristic acid (Cl3H27000H), palmtic acid (C15H31000H), .
stearic acid (CL7H35CO0H), and so-called unsaturated fatty acids having
one or nore unsaturated bonds in the nolecules, such as oleic acid
(C17H33000H), linoleic acid (CL7H31000H) , linolenic acid (C17H29000H) and-
ricinoleic -35 acid (C17H32(OH) 0O00H). In general, the hydrocarbon parts of
t hese fat¥§fa&indd coppaiendéd ¢ P 3 66s PanlcesC OBRICst ¢ Age Enhiwate eagkeomdst | y of
straight chain. However, the fatty acid may be any of those having a side
chain stracedused . by, dpphvisniascheng @slt e a proper tpescasfs@ed by the
present invention are satisfied. The unsaturated fatty acid may be any of

t hose exispephde dft onbirctiace geaexrlbive t@eogniizeddipe t natily emad a8 as

t hose having an unsaturated bond per nolecule, the position of which is

adj ust ed yhseugh 1 £hedbcali Isyns heshas sy 1 ONdeads d hep poepeasé Hesndefd ned by
the present invention are satisfied. The above-described feedstocks (aninal
or vegetapl ¢ fal828N1¢ cogpORRN Srdanived fBerefd9ak i CORNE QIR onener nore of
these fatty acids, which vary

animal- or vegetable-derived processed oils are

hydrocarbon~-containing mixed base o0ils produced by
contacting an animal or vegetable fat and a component
derived therefrom used as a feedstock with a
hydrocracking catalyst containing at least one or more
metals Selected from the Groups 6A and 8 metals of the
periodic table and an inorganic oxide with acidic
properties, under hydrogen pressure. The feedstock of
the animal- or vegetable-derived processed o0il is
necessarily an animal or vegetable fat or a component
derived therefrom. Examples of the animal or vegetable
fat or the component originating therefrom used herein
include natural or artificially made or produced animal
or vegetable fats and animal or vegetable fat
components originating therefrom. Examples of raw
materials of the animal fats and animal oils include
beef tallow, milk fat (butter), lard, mutton tallow,
whale o0il, fish o0il, and liver o0il. Examples of raw
materials of the vegetable fats and vegetable oils

include the seeds and other parts of coconut, palm tree,
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depending on the raw materials. For exanple, coconuts o0il contains a
relatively | arge anobunt of saturated fatty acids such as lauric acid and
nyristic acid while soy bean oil contains a | arge anmount of unsaturated
fatty acids such as oleic acid and linoleic acid. The feedstock contains a
fraction whose boiling point is preferably 250C or higher, nore preferably
a fraction whose boiling point is 300C or higher, and nore preferably a
fracti on whose boiling point is 360C or higher. If the feedstock contains
no fraction whose -36 boiling point is 230C or higher, the yield of a
liquid ppéduid, wealff bevgddor easbg dueaPs anlPaErdEsk: | A igs® PE&Mved during
the production, possibly resulting in an increase in life cycle carbon

di oxi de. Aundrhavevel yGotherf eedstdockcof nt,hes ani alaor Sesyenabl edéri ved
processed oil may be a m xture of an animal or vegetable fat and a
conponent fderi vedd .t hétef s ooy wiflls atpetroteam hyndroegr bodufaeadtfoam | n
this case, the ratio of the petroleum hydrocarbon fraction is preferably
from 10 t @h®S penaerir by 1wolmae, a g ebpr efssabliyy fuloe PG 4 9289 percent by
volune, and nore preferably from60 to 98 percent by volunme, of the total

vol une of jhhedeedst.ockendf richaisabickd smh9she thanstche dover ligutd there
may arise the necessity of facilities for disposal of by-produced water. If

the ratig.axcegds Jer UpRY1 § i Bribditels MAnPRAfLIRRbad Nfats or

vegetable o0ils with the objective of easy handling,
carbon dioxide absocrptivity, and high productivity.
Alternatively, waste o0ils resulting from the use of
these animal and vegetable cils for household, industry
and focd preparation purposes may be used as the
feedstock after the residual matters are removed from
these oils.

Examples of the typical composition of the fatty
acid part of the glyceride compounds contained in these
feedstocks include fatty acids, so-called saturated
fatty acids having no unsaturated bond in the molecules,
such as butyric acid (C3H;COOH), caproic acid
(CsH1;COOH), caprylic acid (C;H;5COOH), capric acid
(CgH19COOH), lauric acid (C;1H,3COOH), myristic acid
(C13H,7COOH), palmitic acid (C;5H3;COOH), stearic acid
(C17H35CO0OH), and so-called unsaturated fatty acids
having one or more unsaturated bonds in the molecules,
such as oleic acid (Ci17H33COOH)Y, linoleic acid

(C17H3:CO0OH), linolenic acid (C;7H29COOH)and ricinocleic
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view of |ife cycle carbon dioxide reduction. Conditions of hydrocracking the
feedstock during the hydrotreating are those desirously wherein the
hydrogen pressure is from6 to 20 MPa, the liquid hourly space velocity
(LHSV) is from0.1 to 1.5 h-1, and the hydrogen/oil ratio is from200 to
2000 NL/L, nore desirously wherein the hydrogen pressure is from8 to 17°
MPa, the liquid hourly space velocity (LHSV) is from 0.2 to 1.1 h-1, and

t he hydrogen/oil ratio is from300 -37 to 1800 NL/L, nore desirously wherein
t he hydrogen pressure is from10 to 16 MPa, the liquid hourly space

vel ool ty LtV ol syl 0810 chd®) 0: 9ot g Rd die AXArQgRN/Qld faljo 1S rom

350 to 1600 e conditions is a factor exérting an influence

on the ¢ jonactivity.. For e , I f e hydrogen ressure and

hydr ogenP%%lQééra Focéar#ée/gfgesfsf?%gn%%&goﬁe%n£$%rrﬁ%§,lﬁheSL}kg%gf"'in\ﬁ??/ tends to

reduce, and the activit§ tends to redgag raEidhy. [f the hédrogen pressure

and hydr 6§eri of P9 ath o 8%t ERE JPpPEF UY nP fs ST 8Rdr noliE 13 -ant

investment for a conpressor may be required. A laower liquid hourly space

vel oci t yRORIEE It o Wee nbré HvaRtdydbuy PSr ahe Pdadtliofs. Nonedera if the

liquid hourly space velocity is lower than 0.1 h-1, an enornous plant

i nvest meftl dorcB@ist r VS B e a ¥ e@etorl SPIR I'gh @8t A yalsartgeevol une may

be required. |If the liquid hourly space velocity exceeds 1.S h-1,
properties defined by the present invention are

satisfied. The unsaturated fatty acid may be any of
those existence of which are generally recognized in
nature as well as those having an unsaturated bond per
molecule, the position of which is adjusted through
chemical synthesis as long as the properties defined
by the present invention are satisfied.

The above-described feedstocks (animal or
vegetable fats and components derived therefrom)
contain one or more of these fatty acids, which vary
depending on the raw materials. For example, coconuts
0il contains a relatively large amount of saturated
fatty acids such as lauric acid and myristic acid while
soy bean oil contains a large amount of unsaturated
fatty acids such as oleic acid and linoleic acid.

The feedstock contains a fraction whose boiling
point is preferably 250°C or higher, more preferably
a fraction whose boiling point is 300°C or higher, and
more preferably a fraction whose boiling point is 360°C

or higher. 1If the feedstock contains no fraction whose
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the reaction tends to proceed insufficiently. The gas oil conposition of the
present invention necessarily contains mainly an FT synthetic base oil and
has the characteristics described below. The gas oil conposition of the
present invention conprises a gas oil conposition selected fromthe group
consisting of the follow ng gas oil conpositions (A) to (C and additives
added in accordance with the -38 following Steps 1 and 2: [I] gas oi
conpositions (A) conprising an FT synthetic base oil in an amount of 60
percent by volunme or nore on the basis of the total anpunt of the gas oi

conposi tigp, ;W l.f urs eayg €at, pfL PoRRIP by BSSiRM d bess 1am@ramatic
cont ent O?Bic}vyp%gc%%?%{quvsoegnrge dgro Iesgl,Pi an oxyge%lcont gnt of 100 ppm or

|l ess, a d i o] 0, kgl o) ter d 840, kgk Ss, %
distill at(ﬁgg%o{%%e{“é)t Slrde %anﬁ%%rgg%ogh%ggaﬁg) Basééclgio%r@%%\%\gr SLann?iggg end
poi nt of 360C or lower in._distillation characterjstic n, i nsolubl e

cont ent Ptréffe%ré%%ilﬁzgt it ST ey Y28t P8F S ?%i }lrg]/:i%bl 131_1%9 * egé, an
HFRR wear  scar di aneter VB1§§% f 400 gn1or .smal ] er, a cloud point of -15C
or | ower, 1B ySRi iterlipicy 'ﬁgep(ﬁéh’f 8 -35e*d° S ower, a pour point of
-32.5C or lower, a total content of normal paraffins having 20 to 30
carbon atons of ALESE RAkA VE Ioer cEMe bieRESLOCK wdl uehBetidt hitAdd BY di vi di ng

the total content of . ,
vegetable-derived processed 0il may be a mixture of an

animal or vegetable fat and a component derived
therefrom, with a petroleum hydrocarbon fraction. 1In
this case, the ratio of the petroleum hydrocarbon
fraction is preferably from 10 to 99 percent by volume,
more preferably from 30 to 99 percent by volume, and
more preferably from 60 to 98 percent by volume, of the
total volume of the feedstock. If the ratio is less
than the lower limit, there may arise the necessity of
facilities for disposal of by-produced water. If the
ratio exceeds the upper limit, it is not preferable in
view of life cycle carbon dioxide reduction.
Conditions of hydrocracking the feedstock during
the hydrotreating are those desirously wherein the
hydrogen pressure is from 6 to 20 MPa, the ligquid hourly
space velocity (LHSV) is from 0.1 to 1.5 h™', and the
hydrogen/oil ratio is from 200 to 2000 NL/L, more
desirously wherein the hydrogen pressure is from 8 to
17 MPa, the liquid hourly space velocity (LHSV) is from

0.2 to 1.1 h™', and the hydrogen/oil ratio is from 300
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normal paraffins having 20 to 30 carbon atons by the total content of

hydr ocar bons having 20 to 30 carbon atons other than the normal paraffins
of 0.2 or greater and 0.6 or less, and a relation in the content of each
of normal paraffins (CnP) having 15 to 20 carbon atons defined by
C20P<C19P<C18P<Cl17P<Cl16P<C15P; [Il] gas oil conpositions (B) conprising an ~
FT -39 synthetic base oil in an anmount of 60 percent by volune or nore on
the basis of the total amount of the gas oil conposition, with a sul fur
content of 5 ppmby mass or |ess, an aromatic content of 10 percent by

vol ume or. | ygen content. of 100 ppmor Jes a densi t of 760
kg/ m8 or g e§€§P gﬂd?gzlo 0oy 78 4 rs%]égg,sqay QQEOero‘?Js?i %Wﬁi%ﬁgféjr%%i“at ure of
280C or hi gher and 350C or_|ower %gd an end point of 360C or lower in
di stil | aPir&e SHACacterikePcs? R itisSiRmt et Bntldruldr Pom Thy oxPa&tS on
stability test of 0.5 ng/100 nl or |ess, an HFRR wear scar dianmeter (W8l .4)
of 400 pmedrociiy | €bHSY )clbad Ipsimt Cof -B5T 8r 9 dwerr, andoltdheilter
pl uggi ng point of -20C or |ower, a pour point of -25C or lower, a total
cont ent &fy dvoe gain /pat &f Fiarksl havbn§r 20 39030 ocdrddd Widids- ofE@cpercient by
mass or nore and |ess than 4 percent by mass, a val ue determ ned by
di vi di ngtthee datdl taam ent s e talr pareaff ing having 1 2Onte 30 cardoon at ons
by the total content of hydrocarbons having 20 to 30 carbon atons other than
reaction activity. For example, if the hydrogen
pressure and hydrogen/oil ratio are less than the lower
limits, the reactivity tends to reduce, and the
activity tends to reduce rapidly. If the hydrogen
pressure and hydrogen/oil ratio exceed the upper limits,
an enormous plant investment for a compressor may be
required. A lower liquid hourly space velocity tends
to be more advantageous for the reactions. However,
if the liquid hourly space velocity is lower than 0.1
h™!, an enormous plant investment for construction of
a reactor with an extremely large volume may be required.
If the liquid hourly space velocity exceeds 1.5 h7!,
the reaction tends to proceed insufficiently.
The gas 01l composition of the present invention
necessarily contains mainly an FT synthetic base o0il
and has the characteristics described below.
The gas 0il composition of the present invention
comprises a gas 0il composition selected from the group

consisting of the following gas oil compositions (A)

to (C) and additives added in accordance with the
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the normal paraffins of 0.2 or greater and 0.6 or less, and a relation in
the content of each of nornmal paraffins (CnP) having 20 to 25 carbon atons
defined by C20P>C21P>C22P>C23P>C24P>C25P; and [Il1] gas oil conpositions (C
conprising an FT synthetic base oil in an anount of 60 percent by vol une
-40 or nore on the basis of the total anount of the gas oil conposition,
with a sulfur content of 5 ppmby mass or |less, an aromatic content of 10
percent by volume or |ess, an oxygen content of 100 ppmor |ess, a density
of 760 kg/ nB or greater and 840 kg/n8 or less, a 90% distillation

t enper at ufe lof o R8OAC Dt ehisgher aand B50C or | ower and an end point of 360C
or lower in distillation characteristics, an insoluble content after an
oxi dati on (Stlalidd toyi ¥ esimpb sA.t5i opgk108)ntoorpr i ess,g am HERRywdare s¢ar

di aneter (WBl1l.4) of 400 pmor smaller, a cloud point of -3C or |ower, a

cold filterms®loggi AG RoL Ndmofurtl0EF 06 0l paefceatpey Poinmeofor IRoXE@ or
| ower, a total content of normal paraffins having 20 to 30 carbon atons of

4 percent By f1RES s MBI @ fAngh el @S5 & han b PRECAM M eMafsSs aival ue
determ ned by dividing the total content of normal paraffins having 20 to

30 carbon a,00E shy g, tQE%‘h cont ?fu?f I 9681 Bens havd ngy ZzQats% 3@ carbon

atons other than  the hormal paraffins of 0.2 or greater and .6 or |ess,

and rel atinsgin,the, coRLENtc of o2 Of o BONMRI o PALANTE NSy volume or

less, an oxygen content of 100 ppm or less, a density
of 760 kg/m® or greater and 840 kg/m® or less, a 90%
distillation temperature of 280°C or higher and 330°C
or lower and an end point of 360°C or lower 1in
distillation characteristics, an insocluble content
after an oxidation stability test of 0.5 mg/100 mL or
less, an HFRR wear scar diameter (WS1.4) of 400 um or
smaller, a cloud point of -15°C or lower, a cold filter
plugging point of -25°C or lower, a pour point of -32.5°C
or lower, a total content of normal paraffins having
20 to 30 carbon atoms of less than 2 percent by mass,
a value determined by dividing the total content of
normal paraffins having 20 to 30 carbon atoms by the
total content of hydrocarbons having 20 to 30 carbon
atoms other than the normal paraffins of 0.2 or greater
and 0.6 or less, and a relation in the content of each
of normal paraffins (CnP) having 15 to 20 carbon atoms
defined by C20P<C19P<C18P<C17P<C16P<C15P;

[II] gas o0il compositions (B) comprising an FT
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(CnP) having 20 to 25 carbon atons defined by C20P>C21P>C22P>C23P>C24P>C25P
and (C24P- C25P)/ C24P>( C22P- C23P) / C22P>( C20P- C21P)/ C20P; (Step 1) a
| ubricity inprover conprising a fatty acid and/or a fatty acid ester is
adm xed in an amount of -41 20 ng/L or nore and 300 ng/L or less in terns of
the active conponent with the gas oil conposition by |[|ine-Dblending, -
forced-stirring or leaving to stand for a sufficient tine; and (Step 2) a
cold flow inprover conprising an ethylene vinyl acetate copolynmer and/or a
conpound with a surface active effect is adm xed in an anobunt of 20 ng/L
or nore and %g% in_terms of th §§tive onent_w th the gas
r

.ng#L or |ess, co
o1 | "oonpad i BRE Y PRt 1 bhdt g FBPERHE St 141 R F odati g ¢ bi&Eand Tor a
sufficient tine. Alternatively, the gas oil conposition of the present
i nventi ofiTi B9t abl'§ Samibd@d hithe2p6 bigh 2moRrord diite 598SngAL or | ess
of a detergent conprising a polyether am ne conpound, a polybutenyl am ne
conpoundC OaP @f kEAAN sutEER dniSde EoipeeRdeBE ah SaPlehyd Y stkéisniitni de
conpound by |ine-blending, forced-stirring or leaving to stand for a
sufficiedesgsinen iareanatér adeed edt ween 1St apsreearid Ry Podfwmabby, the
lubricity inprover, detergent and cold flow inprover each contain a solvent
cont ai ni hg sw, chenb&algen content of 100 ppm or less, a density

of 760 kg/m® or greater and 840 kg/m® or less, a 90%

distillation temperature of 280°C or higher and 350°C

or lower and an end point of 360°C or lower in

distillation characteristics, an insoluble content

after an oxidation stability test of 0.5 mg/100 mL or

less, an HFRR wear scar diameter (WSI.4) of 400 um or

smaller) a cloud point of -5°C or lower, a cold filter

plugging point of -20°C or lower, a pour point of -25°C

or lower, a total content of normal paraffins having

20 to 30 carbon atoms of 2 percent by mass or more and

less than 4 percent by mass, a value determined by

dividing the total content of normal paraffins having

20 to 30 carbon atoms by the total content of

hydrocarbons having 20 to 30 carbon atoms other than

the normal paraffins of 0.2 or greater and 0.6 or less,

and a relation in the content of each of normal paraffins

(CnP) having 20 to 25 carbon atoms defined by

C20P>C21P>C22P>C23P>C24P>C25P; and

[III] gas o0il compositions (C) comprising an FT

synthetic base 0il in an amount of 60 percent by volume
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substance with a nelting point of 10C or higher. Preferably, the gas oi
conposition has a peroxide nunber after an accel erated oxidation test of 50
ppm -42 by mass or less, a kinematic viscosity at 30C of 2.5 mmR/s or
greater and 5.0 mm2/s or |ess, a cetane index of 45 or greater and a water
content of 100 ppm by volunme or less. The sulfur content of the gas oi
conposition of the present invention is necessarily 5 ppmby nmass or |ess,
preferably 3 ppm by nass or less, nore preferably 1 ppm by nass or |ess,
with the objective of reducing poisonous substances exhausted from an

engi ne ard nawpe ovinghexbausts gag pbst tprtockssnagrdystierhihpegsr padces. The
sul fur content used herein denotes the mass content of the sulfur
conponentcomopo she bas| swiath tshesd bf alr nesst ©htaoda$ @idm doyposstsi or neasur ed
in accordance with JIS K 2541 "Crude oil and petrol eum

product s-1Red €f mamatd oemaft istll £ oh teant est” .1 (Thee akeet | byceontemheofort he gas
oil conposition of the present invention is necessarily 10 percent by

vol une or1é§§s, aﬁr%f)@*@QBYC%rp@éﬁ@nbbelO’m pgﬁh ¥rlesss, noreepeefgrably 5
percent by vol une or 1less, nore preferably percent by volunme or |ess,

Mot Preler abby kg PR CERt DYePLUTR R e i her e eaunosi Ll gpdas - an

aromatic content of 10 percent by volunme or |ess, it can suppress the

fornatimaf§t€Ml§¥bbR'Eemperature of 280°C or higher and 350°C
or lower and an end point of 360°C or lower in
distillation characteristics, an inscluble content
after an oxidation stability test of 0.5 mg/100 mL or
less, an HFRR wear scar diameter (WS1.4) of 400 um or
smaller, a cloud point of -3°C or lower, a cold filter
plugging point of ~10°C or lower, a pour point of -12.5°C
or lower, a total content of normal paraffins having
20 to 30 carbon atoms of 4 percent by mass or more and
less than 6 percent by mass, a value determined by
dividing the total content of normal paraffins having
20 to 30 carbon atoms by the total content of
hydrocarbons having 20 to 30 carbon atoms other than
the normal paraffins of 0.2 or greater and 0.6 or less,
and relations in the content of each of normal paraffins
(CnP) having 20 to 25 carbon atoms defined by
C20pP>C21P>C22P>C23P>C24P>C25P and
(C24P-C25P) /C24P>(C22P-C23P) /C22P>(C20P-C21P) /C20P;
(Step 1) a lubricity improver comprising a fatty acid

and/or a fatty acid ester is admixed in an amount of
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environment friendly properties and achieve easily and -43 certainly
characteristics defined in the present invention. The aromatic content used
herei n denotes the volune percentage (volunme % of the aromatic conponent
content neasured in accordance with JPI-5S-49-97 "Petrol eum
Product s- Det erm nati on of Hydrocarbon Types-Hi gh Performance Liquid :
Chr omat ogr aphy"” prescribed in JPI Standard and Manuals Testing Method for
Pet rol eum Products published by Japan PetroleumInst. The oxygen content of
the gas oil conposition of the present invention is necessarily 100 ppm by

mass or |ess, preferably 80 ppm by mass or less, mpre preferably 60 ppm by
mass or |@ sm%ﬁt hofhg%%?eépi%éo%fmig 09F ng 0% dadi & BRabiAT tyheThe

oxygen content can be neasured with a conventional elenental analysis
devi ce. REteVGpFemateeBkydent BotehtIrs mehbufced P d§isdier Pivng a sanpl e
to CO or further to G2 on platinumcarbon and neasuring the anount ther eof
using a iheemdlleodducyi Vieycestestorrilhe aens¢eyiatg t8Csdfandef gas oil
conposition of the present invention is preferably 760 kg/ nB or higher,
nore preferahblfyf 765 elog! coBmer; hagHer, and nore preferably 770 kg/cn8 or
hi gher with the objective of maintaining the calorific value. The density
is prefersgbley 840 K9lcBd Of 1 lbamermp Fore: preberabl ¥i830 an ethylene

vinyl acetate copolymer and/or a compound with a

surface active effect is admixed in an amount of 20 mg/L

or more and 1000 mg/L or less in terms of the active

component with the gas oil composition by line-blending,

forced-stirring or leaving to stand for a sufficient

time.

Alternatively, the gas 0il composition of the
present invention is preferably admixed with 200 mg/L
or more and 500 mg/L or less of a detergent comprising
a polyether amine compound, & polybutenyl amine
compound, an alkenyl succiniamide compound, or an
alkenyl succiniimide compound by line-blending,
forced-stirring or leaving to stand for a sufficient
time, in a step added between Steps 1 and 2. Preferably,
the lubricity improver, detergent and cold flow
improver each contain a solvent containing no chemical
substance with a melting point of 10°C or higher.
Preferably, the gas o0il composition has a peroxide

number after an accelerated oxidation test of 50 ppm

—42-



-44 kg/cnB or |ower, and nore preferably 830 kg/cnB or lower wth the

obj ective of reducing NOx and PM em ssion. The density used herein denotes
the density neasured in accordance with JI'S K 2249 "Crude petrol eum and
petrol eum products-Determ nati on of density and petrol eum nmeasur enent

tabl es based on a reference tenperature (15C)". Wth regard to distillation
characteristics, the 90%distillation tenperature of the gas oil
conposition (A) is necessarily 330C or lower. If the 90% distillation
tenperature is in excess of 330C, emssion of PMor fine particles would be
likely imcrmeasedorTHezebor e, kimee®8%idi stibkkatd ohyt etppsraterefi & -pgref erably
327C or lower, nore preferably 325C or lower. If the 90%distillation

t enper at wn€’ /s doogkewtét wad & .ihduwed/ deberilersad j oa ceft fnuel iodrsunpt i on
or reduction of engine output. Therefore, the lower Iimt 90%distillation
t enper at We 45 oegessaf Ekya 3808 w4 t Birghemt prieferabdy pRgBSECyovoiugher, nore
preferably 290C or higher. For the gas oil conpositions (B) and (C), the
90% distd4 | akisen tenperature is necessarily 350C or lower. |If the 90%
distillation tenperature is in excess of 350C, em ssion of PMor fine
particles would be likely increased. Therefore, the 90%distillation -45

The sulfur content of the gas oil composition of
the present invention is necessarily 5 ppm by mass or
less, 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 01l composition measured in
accordance with JIS K 2541 "Crude 01l and petroleum
products-Determination of sulfur content".

The aromatic content of the gas 0il composition
of the present invention is necessarily 10 percent by
volume or less, preferably 8 percent by volume or less,
more preferably 5 percent by volume or less, more
preferably 3 percent by volume or less, most preferably
1 percent by volume or less. When the composition has
an aromatic content of 10 percent by volume or less,
it can suppress the formation of PM, exhibit

environment friendly properties and achieve easily and
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tenperature is preferably 345C or lower, nore preferably 340C or |ower,
nore preferably 335C or lower. If the 90% distillation tenperature is too
low, it would induce deterioration of fuel consunption or reduction of

engi ne output. Therefore, the lower limt 90%distillation tenperature is
necessarily 280C or higher, preferably 285C or higher, nore preferably .
290C or higher. The initial boiling point of the gas oil conposition of the
present invention is necessarily 140C or higher. If the initial boiling
point is |lower than 140C, the engine output and hi gh-tenperature
startability would tend to be extrenely reduced and deteriorated.

Ther ef or £ ERE iThi ¥ &Ihao%?Fltﬁg“p%Fﬁtcﬁ sdepréres abPy WUECPEE HeBker, nore
preferably 150C or 3her The end point is preferably 360C or lower. If
the end pbiHENtLPN . exddss dFOBGOIC CepPssi oRtolisEM berfdive gandedes woul d
be likely increased. Therefore, the end point is preferably 368C or | ower,
nmor e pmﬁ@eanABEGCHﬁrCQWEQQGhéMpI@mﬁo%ﬁuofthﬁ aestratiicon on the
10% distillation tenperature. However, the lower Iimt is preferably 160C
or hi ghergoitplom ¢ ef ercabt ¥nt70(2 o u i @hen, .a aoo e daired er aliltyh 180C or  hi gher
with the objective of suppressing reduction of engine output and -46
det eri oraypon 56f- § gely TonpuPtd DAunmTrer dgpec 4 4 Pkt dSmination of

Hydrocarbon Types-High Performance Liquid

Chromatography" prescribed in JPI Standard and Manuals

Testing Method for Petroleum Products published by

Japan Petroleum Inst.

The oxygen content of the gas o0il composition of

the present invention is necessarily 100 ppm by mass

or less, preferably 80 ppm by mass or less, more

preferably 60 ppm by mass or less, with the objective

of improving oxidation stability. The oxygen content

can be measured with a conventional elemental analysis

device. TFor example, the oxygen content is measured

by converting a sample to CO or further to CO; on

platinum carbon and measuring the amount thereof using

a thermal conductivity detector.

The density at 15°C of the gas o0il composition of

the present invention.ispreferably'760kg/m3or‘higher,

more preferably 765 kg/cm3 or higher, and more

preferably 770 kg/cm® or higher with the objective of

maintaining the calorific value. The density 1is

preferably 840 kg/cm®’ or lower, more preferably 835
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preferably 250C or |lower, nore preferably 245C or |ower, nore preferably
230C or lower with the objective of suppressing deterioration of exhaust gas
properties. The initial boiling point, 10% distillation tenperature, 90%
distillation tenperature and end point used herein denote the val ues
measured in accordance with JIS K 2254 "Petrol eum products-Determ nation of
distillation characteristics". The total insoluble content of the gas oi
conposition of the present invention after an oxidation stability test is
necessarily 1.Q ng/ 100 nL or less, nore preferably 0.8 ng/100 nL or |ess,
more prefle@dliny 00. 5oMg/IrLOG T MR T ¢ edEeifre KA eyl 39t 5@a(gén sPdbilAHSL The
oxidation stability test used herein is carried out at a tenperature of 95C
under oxygéhhbtblel phg efarité hbureduich rex drxlamce BM emiASTMPD22748194. The
total insoluble content after an oxidation stability test referred herein
denot es tdenwvdlge neasuriedrien racéendanes wihteh dé¢he iftoy egeiarsgr oeddatri on
stability test. The gas oil conposition of the present invention have

necessari iy csutdaAckuliri €ht y tdhak the HFRBrweds pstaro eametetid(WS1. 4) is
400 pmor smaller. If the lubricity is too |low, the conposition wuld cause

a -47 digsel ENghRe BBERPeE W ED e nti ShEIIRIM | 98 s ikkRj ecton punp in

particular to be increased in driving
petroleum measurement tables based on a reference
temperature (15°C)”

With regard to distillation characteristics, the

90% distillation temperature of the gas o0il composition
(A) is necessarily 330°C or lower. If the 90%
distillation temperature is in excess of 330°C,
emission of PM or fine particles would be likely
increased. Therefore, the 90% distillation
temperature is preferably 327°C or lower, more
preferably 325°C or lower. If the 90% distillation
temperature is too low, it would induce deterioration
of fuel consumption or reduction of engine output.
Therefore, the lower limit 90% distillation
temperature is necessarily 280°C or higher, preferably
285°C or higher, more preferably 290°C or highér. For
the gas o0il compositions (B) and (C), the 90%
distillation temperature is necessarily 350°C or lower.
If the 90% distillation temperature is in excess of
350°C, emission of PM or fine particles would be likely

increased. Therefore, the 90% distillation
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torque and in wear on each part of the punp while the engine is driven,
possi bly I eading not only to degradation of the exhaust gas properties but
also to the breakdown of the engine itself. Also in an electronically
controlled fuel injection punp enabling a high pressure injection, wear on
the sliding parts would likely occur. Therefore, with respect to the :
| ubricity, the HFRR wear scar dianeter (W51.4) of the gas oil conposition
is necessarily 400 pmor smaller, preferably 380 pmor smaller, nore
preferably 360 pm or smaller. The lubricity, i.e., HFRR wear scar dianeter

(WB1. 4) used herqgn denot es tH@ Iu?rici# ogpasurid i n_accordance with
JPI - 55 50-SBPPEAT GFF -oTeRF g MEPRSd 107 "LuBtT ol £y bt e86r bed i n I
St andard and _Man s Testing Method for Petrol eum  Products published by
Sapan Potior SEMAMSE. VRU HCL efar Hots heh e Fbud HOFAE T LEhe SHSCoRE

conposition of the ﬁresent lnventlon, the cloud point of the gas oi
conposi t il ER): | L hddeaHi1d4is18e 1Rt 1 paneeMBfF @t draaBioe 116G or
| ower, nore preferably -17C or lower with the objective of securing
| ow-t enpelrfat wpa 1st ak ndbidd tye snd idv Fe4aBidn tgfaddien t pontshenpbiest ioe of
mai ntai ning the injection performance -48 of an electronically controlled
fuel injectddortpunp.of Brey theuduppiutt. of Thee gasrei, | tbenposicr dnnfBY is
necessarily -5C or |l ower, preferably -6C or | ower
90% distillation temperature 1is necessarily 280°C or
higher, preferably 285°C or higher, more preferably
290°C or higher.

The initial boiling point of the gas oil
composition of the present invention is necessarily
140°C or higher. 1If the initial boiling point is lower
than 140°C, the engine output and high-temperature
startability would tend to be extremely reduced and
deteriorated. Therefore, the initial boiling point is
preferably 145°C or higher, more preferably 150°C or
higher. The end point is preferably 360°C or lower.
If the end point is in excess of 360°C, emission of PM
or fine particles would be likely increased. Therefore,
the end point is preferably 368°C or lower, more
preferably 366°C or lower.

There is no particular restriction on the 10%
distillation temperature. However, the lower limit is
preferably 160°C or higher, more preferably 170°C or
higher, more preferably 180°C or higher with the

objective of suppressing reduction of engine output and
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nore preferably -8C or lower with the objective of securing | owtenperature
startability and drivability and with the objective of maintaining the
injection performance of an electronically controlled fuel  injection punp.
The cl oud point of the gas oil conposition (C) is necessarily -3C or |ower,
preferably -4C or |lower, nore preferably -5C or lower wth the objective of
securing lowtenperature startability and drivability and with the
objective of namintaining the injection performance of an electronically
control led fuel injection punp. The cloud point used herein_denotes the pour
poi nt mEESUEEd R hEedr @éﬁé@% tIP I35 BTR HD@Y " Tt P RBEhSd M florl Pour

Poi nt and d oud Point of Crude G| and Petroleum Products". Wth regard to
the col d g1 ¢feraR Lggkdd Poi atr dfowelie Juerei IP cohpasial vn2df theopr esent
invention, the <cold filter plugging point of the gas oil conposition (A

i S necesslaswky ,- 2&6x or doamee r afuky hed,0 Yheocolldbw il twert pl it ng point is
preferably -26C or |lower, nore preferably -27C or lower wth the objective
of prevestsi 8¢ thlwgob Ngs b dihes pherd idd e rafo wa di eselo £+ 4% pawerteds saut onobi | e
and maintaining the injection performance of an electronically controlled
fuel injeebpen puap. The Lol difdild erpRliugoh g i nt ,of L ¢he gas oil

conposition (B) is necessarily -20C or |ower.
distillation temperature, 90% distillation
temperature and end point used herein denote the values
measured in accordance with JIS K 2254 "Petroleum
products-Determination of distillation
characteristics".

The total insoluble content of the gas oil
composition of the present invention after an oxidation
stability test is necessarily 1.0 mg/100 mL or less,
more preferably 0.8 mg/100 mL or less, more preferably
0.5mg/100 mL or less in view or storage stability. The
oxidation stability test used herein is carried out at
a temperature of 95°C under oxygen bubbling for 16 hours
in accordance with ASTM D2274-94. The total insoluble
content after an oxidation stability test referred
herein denotes the value measured in accordance with
the foregoing oxidation stability test.

The gas oil composition of the present invention
have necessarily such a lubricity that the HFRR wear

scar diameter (WS1.4) is 400 pm or smaller. If the

lubricity is too low, the composition would cause a
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Further, the cold filter plugging point is preferably -21C or |ower, nore
preferably -22C or lower with the objective of preventing plugging of the
pre-filter of a diesel powered autonobile and maintaining the injection
performance of an electronically controlled fuel injection punp. The cold
filter plugging point of the gas oil conposition (C) is necessarily -10C or
| ower. Further, the cold filter plugging point is preferably -11C or |ower,
nore preferably -12C or lower with the objective of preventing plugging of
the pre-filter of a diesel powered autonobile and naintaining the )
injecti on(#)erf rmance of an .el ectroni ckgl
r

ly controlled fuel injection punp.

The col d $1FE& pf ugdity ParACRE2d "Her'si A 81éhso1f]é§:lb%eth OEoItd”I?%I ter plugging
poi nt measured in accordapce wth J|S K 22%8 "Gas oil-Determ natjon of cold
filter ptRuggehg POIME™P WiReFéddrU 88 FRePHolif CF& it ©6f L Pher ddst B9
conposition of the present invention, the pour point of the gas oil
conposi t i'oAT EAL i FetBs¥HIT yOR3835E BR Loy . Eirar PHETR Whé Lsodrnpoint is
preferably -35C -50 or lower with the objective of securing | owtenperature
startabilengioe disvaFilven . amP sdibtlal nl 8§ dined nejtecendy per f or mance of an
el ectronically controlled fuel injection punp. The pour point of the gas
oi | conpbsgriagia { Bpni © hédessarhlapr26CGIes boweperEurdhepyut also to

the breakdown of the engine itself. Also in an

electronically controlled fuel injection pump enabling

a high pressure injection, wear on the sliding parts

would likely occur. Therefore, with respect to the

lubricity, the HFRR wear scar diameter (WS1.4) of the

gas 01l composition is necessarily 400 pym or smaller,

preferably 380 um or smaller, more preferably 360 um

or smaller. The lubricity, i.e., HFRR wear scar

diameter (WS1l.4) used herein denotes the lubricity

measured in accordance with JPI-5S5-50-98 "Gas oil

-Testing Method for Lubricity" prescribed in JPI

Standard and Manuals Testing Method for Petroleum

Products published by Japan Petroleum Inst.

With regard to the cloud point of the gas oil

composition of the present invention, the cloud point

of the gas o0il composition (A) i1s necessarily -15°C or

lower, more preferably -16°C or lower, more preferably

-17°C or lower with the objective of securing

low-temperature startability and drivability and with

the objective of maintaining the injection performance
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the pour point is preferably -22.5C or lower with the objective of securing
| ow-tenperature startability or drivability and maintaining the injection
performance of an electronically controlled fuel injection punp. The pour
point of the gas oil conposition (C) is necessarily -12.5C or |ower.
Further, the pour point is preferably -15C or lower with the objective of
securing lowtenperature startability or drivability and naintaining the

i njection performance of an electronically controlled fuel injection punp.
The pour point used herein denotes the pour point neasured in accordance

wth IS Ke2200 o Testlngh MBLhod, &0k choyry Bty &nd; fyQud Poinntp difp (T ude Q|

and Petroleum Products”. the present 1 nvention, the total content of

nor el pangll (5o avidng; £ Lo 3pnsardion guam bidier <gBs o) cawosi ti on

(A) is necessarl an per y ‘mass total mass of the gas

oil conposition, Lf the tatal content of these heavy -51 nornsl raffins

is 2 percBACIR° ffids Yor o e,ord]gﬁggirt’i o%rsge\/\]faaxbgvgul $ b% P%dlrjrgoe‘“ﬁggf | ow

tenperatures. Therefore, the total content is Ereferab%y 1.8.§ercept by
1 JE C

mass or | BSLE ndF & L5t RLdbI VR 106 GFertoHE thy” hhds Ty P urthett the
val ue determned by dividing the total content of nornal paraffjns having
20 to 30 E&VYRLNGt bRY Wy NRE Lot AF Scdhdrta bt Liydy Guad bbhs VR&AA hyt 20

and with the objective of maintaining the injection
performance of an electronically controlled fuel
injection pump. The cloud point of the gas oil
composition (C) is necessarily -3°C or lower,
preferably -4°C or lower, more preferably -5°C or lower
with the objective of securing low-temperature
startability and drivability and with the objective of
maintaining the injection performance of an
electronically controlled fuel injection pump.

The cloud point used herein denotes the pour point
measured in accordance with JIS K 2269 "Testing Method
for Pour Point and Cloud Point of Crude 0il and Petroleum
Products".

With regard to the cold filter plugging point of
the gas 01l composition of the present invention, the
cold filter plugging point of the gas oil composition
(A) 1s necessarily -25°C or lower. Further, the cold
filter plugging point is preferably -26°C or lower,
more preferably -27°C or lower with the objective of

preventing plugging of the pre-filter of a diesel
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to 30 carbon atonms other than the normal paraffins is necessarily 0.2 or
greater and 0.6 or less, preferably 0.22 or greater and 0.57 or |less, nore
preferably 0.25 or greater and 0.55 or less in order to inprove the
additive solubility of the gas oil base oil. If the value is less than 0.2,
the additive solubility would be extrenely reduced. If the value is greatet
than 0.6, the cold flowability would be inpaired. Further, the content of
each of normal paraffins (CnP) within the carbon nunber (n) range from 15
to 20 necessarily satisfies the relation defined by )

C20P<C19P<C18P<C17P< P<d 5P. As.|an s.thiis relation.is satisfied, the
rethin&é&ﬁ%S§t$%%%%‘ﬁl? a&&%a@?gﬁﬁfﬁai%ﬁxﬁbﬁu%ﬂﬂF&F&Oﬁ
correspondingly to tenperature changes su as the out. door_tepperature at
oht ch G TORBEEA Gh L a0l B S B8 A £t SR GFE L ke CAGLT T ow

i nprover to exhibit its properties stably due to the effects of the nornmal

par af f i ng Tpt@SEALCTH PUBD -t hé I (7 e5di 81ddMem 1 UFHe 1 HtRP LadnCdntt i the
strai ght-chain saturated hydrocarbons having 20 to 30 carbon atons and

content gafs thelsepaipghtlEhaim (ot uratreChRypdratadbond haviag 1swen. 20
carbon atons are the val ues neasured using GC-FID wherein the colum is a
capi | | ar ywot bewr f drimedcofl d et hiye rsipllicpné nQUERAN ALLOYpI)g feéhekday ri er gas
is heliumand the detector is a flame ionization detector

-21°C or lower, more preferably -22°C or lower with the

objective of preventing plugging of the pre-filter of

a diesel powered automobile and maintaining the

injection performance of an electronically controlled

fuel injection pump. The cold filter plugging point

of the gas 0il composition (C) is necessarily -10°C or

lower. Further, the cold filter plugging point is

preferably -11°C or lower, more preferably -12°C or

lower with the objective of preventing plugging of the

pre-filter of a diesel powered automobile and

maintaining the injection performance of an

electrohically controlled fuel injection pump.

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".

With regard to the pour point of the gas o1l
composition of the present invention, the pour point

of the gas 0il composition (A) 1s necessarily -32.5°C

or lower. Further, the pour point is preferably -35°C
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(FID), under conditions wherein the colum length is 30 m the carrier gas
flowrate is 1.0 nL/mn, the ratio of division is 1:79, the sanple
injection tenperature is 360C, the colum is heated up from 140C to 355C
(8C/mn), and the detector tenperature is 360C. For the gas oil conposition
(B) , the total content of nornmal paraffins having 20 to 30 carbon atons
thereof 1is necessarily 2 percent by mass or nore and | ess than 4 percent
by nass of the total mass of the gas oil conposition. If the total content
of these heavy normal paraffins is 4 percent by mass or nore, deposition
of wax woutd deeirndutddtae waet%t’ria&ea@ﬁr%@CUIIan@HeO‘t’OttﬁlmEé%ﬁ?érﬂr‘?s | ess
than 2 percent by mass, the anmount of the heavy normal paraffins would be
reduced, $‘eamlttaim'glﬁr¢ya o eddatiionbiin itthe perd oraante irthigcitdney of the cold
flow i nprover, which utilizes -53 the heavy paraffins as a growmh core.

Furt her, théecutal or getrdrarmed clay odi \drdialge the drot ab 1dontam t ob 1 Ined nal
paraffins having 20 to 30 carbon atons by the total content of hydrocarbons
having 20£te130 caeben oxatFmgoi her nehagiv & he prariral oparwfi éi gmd somgcessarily
0.2 or greater and 0.6 or less, preferably 0.22 or greater and 0.57 or

I ess, mr@oﬁb@@f@@b)ﬁ 0p25i @rnc g £F 1 aRd-0.55%T oy hesset N ordert HOri nprove
the additives solubility of the gas oil base oil. If the value is | ess

than 0.2, ¢ he addi tdyen 0k Wbblid ¥e PEMOHIh > 5°¢ 6r lower with the

objective of securing low~temperature startability or
drivability and maintaining the injection performance
of an electronically controlled fuel injection pump.
The pour point of the gas oil composition (C) 1is
necessarily ~12.5°C or lower. Further, the pour point
is preferably -15°C or lower with the objective of
securing low-temperature startability or drivability
and maintaining the injection performance of an
electronically controlled fuel injection pump.

The pour point used herein denctes the pour point
measured in accordance with JIS K 2269 "Testing Method
for Pour Point and Cloud Point of Crude Oil and Petroleum

Products".

In the present invention, the total content of
normal paraffins having 20 to 30 carbon atoms in the
gas o0il composition (A) is necessarily less fhan 2
percent by mass of the total mass of the gas oil

composition. If the total content of these heavy
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be extrenely reduced. If the value is greater than 0.6, the cold
flowability would be inpaired. Further, the content of each of nornal
paraffins (CnP) within the carbon nunmber (n) range from20 to 25
necessarily satisfies the relation defined by
C20P>C21P>C22P>C23P>C24P>C25P. As long as this relation is satisfied, the *
resulting conposition will have a stable wax deposition rate
correspondingly to tenperature changes such as the out door tenperature at
whi ch the conposition is cooled and be able to ensure the cold flow )

i nprover to_exhihit i propertiges_stabl ue to the effects of the nornmal
par af f i nsnop‘?rgggntp?ﬁatfff e af 6rsesfz;i %egcjcnet%%t .%YTH%aFSt 8T BREST of the

straight-chain, hydrocgrbons haxing 20 to 30dcarbon atons and content -54
of the st3RGRE-TCHAP P S TF Y LK) BP0l BABLRSAnabi hg Y 26 MPS B3t H&Sson at ons
are the values neasured using GC-FID wherein the colum is a capillary
col um fdriheaedPreethlf BPLidchre T LETRALA PO ES rafey chr BiREL§ENF s
hel ium and the detector is a flanme ionization detector (FID), under
condi ti oy whessi it héess unmokéndthe fsradol m lt.He rarciegrt gay flaosrate is
1.0 mM./mn, the ratio of divisionis 1:79, the sanple injection tenperature
is 360C, dhd ensumFiux tieatredthe Vedm d 403 eom35sd KA vy irand hde
detector tenperature is 360C. For the gas oil conposition (C) , the total
content total content of normal paraffins having 20 to 30 carbon
atoms by the total content of hydrocarbons having 20
to 30 carbon atoms other than the normal paraffins is
necessarily 0.2 or greater and 0.6 or less, preferably
0.22 or greater and 0.57 or less, more preferably 0.25
or greater and 0.55 or less in order to improve the
additive solubility of the gas o0il base o0il. If the
value is less than 0.2, the additive solubility would
be extremely reduced. If the value is greater than0.6,
the cold flowability would be impaired. Further, the
content of each of normal paraffins (CnP) within the
carbon number (n) range from 15 to 20 necessarily
satisfies the relation defined by
C20P<C1l9P<C18P<C17P<C1l6P<C15P. As long as this
relation is satisfied, the resulting composition will
have a stable wax deposition rate correspondingly to
temperature changes such as the out door temperature
at which the composition is cooled and be able to ensure

the cold flow improver to exhibit its properties stably

due to the effects of the normal paraffins present in
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of normal paraffins having 20 to 30 carbon atons thereof 1is necessarily 4
percent by mass or nore and |ess than 6 percent by nass of the total nass

of the gas oil conposition. If the total content of these heavy nornal
paraffins is 6 percent by mass or nore, deposition of wax woul d be i nduced
at low tenperatures. |If the total content is less than 4 percent by nass,

t he anobunt of the heavy normal paraffins would be reduced, resulting in a
reduction in the performance efficiency of the cold flow inprover, which
utilizes the heavy paraffins as a growmh core. Further, the value

det er mi nedhpy adiaf dbRg 4 heondtedit eontent of normal paraffins having 20 to
30 carbon atons by the -55 total content of hydrocarbons having 20 to 30
carbon atons dthertehan thetonhed fparafstns ishhecdssaridgtugareod greater
and 0.6 or less, preferably 0.22 or greater and 0.57 or less, nore
preferablyyr2r-arbogredieriangd 20 t55 0 tesdaim atders tandnppoveet bhe
additive solubility of the gas oil base oil. If the value is less than

0.2, the @addihevetrsaliupht -t avonll £ ba r aaxd d empliy orcedeised.s hia thegvabue is
greater than 0.6, the cold flowability would be inpaired. Further, the

content of ceaghc 8t pRAT Bl oRar akEi 88 o GaR)u &k thé B sthtes d cas bary taber p(n)
range from 20 to 25 necessarily satisfies the relation defined by

C20P>C21R7(R2RAR 3PR2 AR arR and @l %458 18 fL k@ unn formed of
methyl silicone (ULTRA ALLOY-1), the carrier gas is
helium and the detector is a flame i1onization detector
(FID), under conditions wherein the column length is
30 m, the carrier gas flow rate is 1.0 mL/min, the ratio
of division is 1:79, the sample injection temperature
is 360°C, the column is heated up from 140°C to 355°C

(8°C/min), and the detector temperature is 360°C.

For the gas o1l composition (B), the total content
of normal paraffins having 20 to 30 carbon atoms thereof
is necessarily 2 percent by mass or more and less than
4 percent by mass of the total mass of the gas o0il
composition. If the total content of these heavy
normal paraffins is 4 percent by mass or more,
deposition of wax would be induced at low temperatures.
If the total content is less than 2 percent by mass,
the amount of the heavy normal paraffins would be
reduced, resulting in a reduction in the performance

efficiency of the cold flow improver, which utilizes
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defined by (C24P-C25P)/ C24P>( C22P- C23P) / C22P>( C20P- C21P)/ C20P.  Herei n,
"(C24P- C25P) | C24P>( C22P-C23P)" is the value determ ned by dividing the
content of normal paraffins having 24 and 25 carbon atons by the content

of a normal paraffin having 24 carbon atons. Al so,

"(C22P- C23P) / C22P>( C20P- C21P)/ C20P" is calculated in the same manner. These
rel ations were obtained as the results of extensive research and study by
the inventor of the present invention. What is neant by the relations is
to express the deposition rate of the heavy normal paraffins with respect
to tenperature in a -56 sipple manner. As ng. as_these relations _are
smjsfieé%?heeﬁﬁﬁnPgﬁféggﬁgm%?o% ﬁﬁ?wkgv%%fgtabﬁ?rﬂgﬁrdmﬁgﬁtim1rate

correspondingly to tenperature hanges such as the_out door tenperature at
ohi ch Fnd e DBRD 6’ ¢ BATLS Cobired! DRATS G 8 o Shed & T ReEd do T 1 ow

inprover to exhibit its properties stably, due to the effects of the nornal
par af fi n@ p¥FBEenPad FatAd N Hf BRI €8nttéht3 0 TRE RN Al a&aftenP Yoft ke
straight-chain saturated hydrocarbons having 20 to 30 carbon atons and
content toftéahe cstirtag gt chalh idgsqr aPed hyllagdardbohOhaw P 20a ricw @5 car bon
atons are the val ues neasured using GC-FID wherein the colum is a
capi | | ar ya tohame tfroe ned hafn  weehylo shalcorer { UETRA ALsOtel)g sshe iclayri er gas
> 0.2 or greater and 0.6 or less, preferably 0.22 or

greater and 0.57 or less, more preferably 0.25 or

greater and 0.55 or less in order to improve the

additives solubility of the gas 0il base o0il. If the

value is less than 0.2, the additive solubility of would

be extremely reduced. 1If the value is greater thanO.6,

the cold flowability would be impaired. Further, the

content{of each of normal paraffins (CnP) within the

carbon number (n) range from 20 to 25 necessarily

satisfies the relation defined by

C20P>C21P>C22P>C23P>C24P>C25P. As long as this

relation is satisfied, the resulting composition will

have a stable wax deposition rate correspondingly to

temperature changes such as the out door temperature

at which the composition is cooled and be able to ensure

the cold flow improver to exhibit its properties stably

due to the effects of the normal paraffins present in

the aforesaid content.

The total content of the straight-chain

hydrocarbons having 20 to 30 carbon atoms and content
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hel ium and the detector is a flane ionization detector (FID), under

condi tions wherein the colum length is 30 m the carrier gas flowrate is
1.0 nM./mn, the ratio of divisionis 1:79, the sanple injection tenperature
is 360C, the colum is heated up from 140C to 355C (8C/ mn), and the
detector tenperature is 360C. The peroxi de nunber of the gas oil conposition
of the present invention after an accel erated oxidation test (oxidation
st-ability test) is preferably 50 ppm by nmass or |ess, nore preferably 40
ppm by mass or less, -57 30 ppmby mass or less in vi ew of st or age

stabi | ity odnd@he eripat i Bt 1§h s npérat@rqﬁédpérwa%amﬂ)%? Revemdr 0

accel erated oxidation test used herein denotes the value neasured in

accor dancé ani2tthh cH b 68- 86096 priesdrh deda L o eFPmest amdadd ugfiey GQR-&ddel erat ed
oxidation test is carried out at a tenperature of 95C wunder oxygen bubbling
for 16 how'seraiaccordamee winhh i SASTMcB22741 84y Ido heoesshoymechec §as oi |
conpositions of the present invention may be bl ended with additives such
as anti-oxiglant/s ori netaln deaUlLiMRR ORS LAY OL fler the reduceethe per dxi de
nunber. The ki nematic viscosity at 30C of the gas oil conposition of the

present irment haNainy RIS &I@PkY t2 5 i MR/ 151 Qhehi @feT z 2 BRI RIet eEally 2. 55
m2/s or higher, nore preferably 2.6 nmm2/s or higher. If the kinematic
viscosity isphouer,4hap 2ohdRiSnd tuheHL e dief IdCthbin 1ength is

30 m, the carrier gas flow rate is 1.0 mL/min, the ratio

of division is 1:79, the sample injection temperature

is 360°C, the column is heated up from 140°C to 355°C

(8°C/min), and the detector temperature 1s 360°C.

For the gas o0il composition (C), the total content
of normal paraffins having 20 to 30 carbon atoms thereof
is necessarily 4 percent by mass or more and less than
6 percent by mass of the total mass of the gas oil
composition. If the total content of these heavy
normal paraffins is 6 percent by mass or more,
deposition of wax would be induced at low temperatures.
If the total content is less than 4 percent by mass,
the amount of the heavy normal paraffins would be
reduced, resulting in a reduction in the performance
efficiency of the cold flow improver, which utilizes
the heavy paraffins as a growth core. Further, the
value determined by dividing the total content of

normal paraffins having 20 to 30 carbon atoms by the
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to control the fuel injection timng at the fuel injection punp side, and

| ubricity at each part of the fuel injection punp installed in an engine
woul d be reduced. There is no particular restriction on the wupper limt

ki nematic viscosity at 30C. However, the Kkinematic viscosity is preferably
5.0 m2/s or lower, nore preferably 4.8 nm®2/s or lower, nore preferably 4.5
m2/s or lower with the objective of suppressing increase of the NOx and PM
concentrations in the exhaust -58 gas, caused by destabilization of the fuel
injection systemdue to an increase in resistance therein. The kinematic

vi scosi tyotsad heneightleadt @s,d hecwalpyen smpasui € 2 acsosdarcer wohh JI'S K
2283 "Crude petroleum and petrol eum products-Determ nati on of kinematic

vi scosi tytapfs ct aUlratd 98n0k N SCoshiayl ipaex £ o0y Kingidtbs 4 s£9sity”. The
cetane index of the gas oil conposition of the present invention is

referab 4 rgr . A fqthe a index .. ¢ n-45, 1 he
p by 4% 0 ?er @%lgrfd hee Gt apg J é)}ée%élpg\@lg}vr\'(gu?g i

concentrations o ehydes, and NOx In haust ga ely be

s aselr B e N AR A0 1B, CohBNS, | RIBE dPan IO & S8 20y M Dt

O . .
greater,”nore prefera 0 or reater. S ho particular restriction
on the uEper e c%}ane I ndex, However

oreater $RER TOF i ehal 6 b Soot Mo A0 Koly © BB IEreased ut PAg the

accmeﬂaggqgégl?tvﬁgglghe gas 0il base o0il. If the value 1is
less than 0.2, the additive solubility would be
extremely reduced. If the value is greater than 0.6,
the cold flowability would be impaired. Further, the
content of each of normal paraffins (CnP) within the
carbon number (n) range from 20 to 25 necessarily
satisfies the relation defined by
C20P>C21P>C22P>C23P>C24P>C25P and also the relation
defined by
(C24P-C25P) /C24P>(C22P-C23P) /C22P>(C20P-C21P) /C20FP.

Herein, “(C24P-C25P)/C24P>(C22P-C23P)” 1is the

value determined by dividing the content of normal
paraffins having 24 and 25 carbon atoms by the cohtent
of a normal paraffin having 24 carbon atoms. Also,
“(C22P-C23P) /C22P>(C20P-C21P) /C20P” is calculated in
the same manner. These relations were obtained as the
results‘ofextensive research and study by the inventor
of the present invention. What is meant by thé

relations is to express the deposition rate of the heavy

normal paraffins with respect to temperature in a
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Therefore, the cetane index is preferably 78 or lower, nore preferably 75
or lower, nore preferably 73 or lower. The cetane index used herein denotes
t he val ue calculated in accordance with "8.4 cetane index calculation

met hod using variabl es equation” prescribed in JIS K 2280 "Petrol eum
product s- Fuel s-Determ nati on of octane nunber, cetane nunber and

cal cul ation of cetane index". The cetane -59 index defined by the JIS
standards is generally applied to gas oil containing no cetane nunber

i nprover. However, in the present invention, "8.4 cetane index calculation
net hod usPAGREE | BlBINgse BqualisonrtOnNg appthned a of §lgdst 9RF &dtai ning a

cet ane nunber inprover, and the value obtained thereby is also defined as
cetane i mdéx.sThede it eneepart kdmdar omase &il ¢tiiom woinl & Hea €8t arkd aRd/ber of
the gas oil conpositions of the present invention as |long as the

above- deserixbedle polsaratcoer irst f €s carrer gapicsfachgiliyl yt obt&imeer abHoviexer, the
cetane nunber is preferably 45 or greater, nore preferably 47 or greater,
nmore preferalyes0sarclgreat ehe Wdth dbe rohjeach eve tofr & nhicbiwthi ingh khaeki ng
during diesel conbustion and reducing the discharge of NOx, PM and

al edhydes ciging be i exhaust sgaoo Ve th strhe 98] attlivetof ededdei Rl @aekdsmoke in

t he exhaust gas, the cetane nunber is preferably 80 or | ower, nore

preferabl ¥ 178, improver to exhibit its properties stably, due to
the effects of the normal paraffins present in the
aforesaid content.

The total content of the straight-chain saturated

hydrocarbons having 20 to 30 carbon atoms and content
of the straight-chain saturated hydrocarbon having 20
to 25 carbon atoms are the values measured using GC-FID
wherein the column is a capillary column formed of
methyl silicone (ULTRA ALLOY-1l), the carrier gas 1is
helium and the detector is a flame ionization detector
(FID), under conditions wherein the column length is
30 m, the carrier gas flow rate is 1.0 mL/min, the ratio
of division is 1:79, the sample injection temperature
is 360°C, the column is heated up from 140°C to 355°C

(8°C/min), and the detector temperature is 360°C.

The peroxide number of the gas o0il composition of
the present invention after an accelerated oxidation
test (oxidation stability test) is preferably 50 ppm

by mass or less, more preferably 40 ppm by mass or less,
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or lower, nore preferably 75 or |ower. The cetane nunber used herein
denotes the cetane nunber neasured in accordance with "7. Cetane nunber
test method" prescribed in JIS K 2280 "Petrol eum

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

cal cul ati on of cetane index". The water content of the gas oil conposition
of -60 the present invention is preferably 100 ppm by volune, nore
preferably 50 ppm by volune, nore preferably 20 ppm by volune with the
obj ective of preventing the conpositions fromfreezing and the engine

i nterior 30r gMm &HF Mol B0 r The swatie] woayent ysed wselpadanoi ey Lhe val ue
measured in accordance with JIS K 2275 "Crude oil ~and petrol eum

product s=bgted £t B3ty 0p, 0f WRLErt 0Nt efte ROf £t &fnseﬁaralf&ica%r
titration nethod”. The flash point of the gas oil conposition of the
present Lnv i i.S4 pLef; 4 i r a int. af, Lower than
45C i s n%?cgér% grgng Ctla {)%l\ﬁageviggf 5Csc‘éa {:ét 9.59#(&;151&0?%1 ?j%erp?#gsshqcp%% nt is

pr ef er abl 47C or_ higher,. nore preferably 50 igher. T flash point
used herE%H*H%ngﬁégﬁfﬁggvdfheaﬁgégh %HCFnV“hﬁgggﬁ%ﬂﬁggﬁfﬁﬂ_ggs K 2265 " Crude
oi | and petrol eym products-Determnation of flash point". There is no
pamicuIQF%%%?FpﬁﬁzhnoH%%esﬁéﬂﬂﬁFdr@ﬁ?ﬁé 6™ thecedRBr&€d | ati on

resi due of the gas oil conposition of the present invention. However, the
oxidation test is carried out at a temperature of 95°C

»

-

under oxygen bubbling for 16 hours in accordance with
ASTM D2274-94. 1If necessary, the gas oil compositions
of the present invention may be blended with additives
such as anti-oxidants or metal deactivators in order
to reduce the peroxide number.

The kinematic viscosity at 30°C of the gas oil
composition of the present invention is preferably 2.5
mm?/s or higher, more preferably 2.55 mm?/s or higher,
more preferably 2.6 mm?/s or higher. 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. There is no particular restriction on the
upper limit kinematic viscosity at 30°C. However, the
kinematic viscosity is preferably 5.0 mm?/s or lower,
more preferably 4.8 mm?/s or lower, more preferably 4.5
mm?/s or lower with the objective of suppressing

increase of the NOx and PM concentrations in the exhaust
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carbon residue of the 10% distillation residue is preferably 0.1 percent by
mass or less, nore preferably 0.08 percent by mass or less, nore preferably
0.05 percent by mass or less with the objective of reducing fine particles
and PM nmaintaining the performances of the exhaust-gas post-processing
systeminstalled in an -61 engine and preventing sludge from plugging a
filter. The carbon residue of the 10%distillation residue used herein
denotes that nmeasured in accordance with JIS K 2270 "Crude petrol eum and
pet rol eum products-Determ nati on of carbon residue". In the present

i nvent i ongaist: iGaneessday ydekatak hél zgdsi onl odonpsi fiuent i snHiaSst L abni xed
with a lubricity inprover by |line-blending, forced-stirring or leaving to
stand for sgssugridient o iarte (IStepalde and trken sdainced t etk im col BhEl ow

i nprover by line-blending, forced-stirring or leaving to stand for a

suffici enkirntdm®t (St epi 2 o.s 1Al ¥ ensatd vieky e ideperdionge on tpreopeatlives required
for fuel, between Steps 1 and 2 nay be provided a step wherein a detergent
is adm xefleWdlr £Hei gagcoidrd £08ROGHEIOT Iy K re-DI"ench 8¢, ptarcede 8 rri ng
or leaving to stand for a sufficient time. Further, according to the

si tuationg, Pther r3dd §hVes SUehtas- pEELane Myahem | §Br QuelsmaRY de bl ended

in a suitable anount. The line-blending referred to as a nethod of
viscosity and calculation of viscosity index from
kinematic viscosity".

The cetane index of the gas 0il composition of the
present invention is preferably 45 or greater. If the
cetane index is lower than 45, the concentrations of
PM, aldehydes, and NOx in exhaust gas would likely be
increased. For the same reason, the cetane index is
more preferably 47 or greater, more preferably 50 or
greater. There is no particular restriction on the
upper limit of the cetane index. However, if the cetane
index is greater than 80, discharge of soot would likely
be increased during the acceleration of a vehicle.
Therefore, the cetane index is preferably 78 or lower,
more preferably 75 or lower, more preferably 73 or lower.
The cetane index used herein denotes the value
calculated in accordance with "8.4 cetane index
calculation method using variables equation"
prescribed in JIS K 2280 "Petroleum
products-Fuels-Determination of octane number, cetane

number and calculation of cetane index". The cetane
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m xi ng the gas oil conposition with additives denotes a nethod wherein the
additives are added to the gas oil conposition on the pathway of transfer

t hereof under pressure between, for exanple, a storage tank and a storage
tank, a production unit and a production unit -62 or a production unit and a
storage tank to be diffused and m xed until the conposition passes fromthe
upstreamto the downstream The forced-stirring denotes a nethod wherein
while the gas oil conposition is present in a storage tank or a production
unit, the additives are added thereto and forcedly diffused and mixed by ~

forced ci;rc ti RV stirrin with a stirrer. The.leaving to

stand dend é(;ésgaa%gtl\#oeﬁb%gﬁg?n@%esééégd& %olrr%)c?sel FSI?JIJSYVWB 1

additivez are adde b¥ %gy.ot vari ous qgthods or.in a storage tank or a
1% efFPY P § N

producti orf uhff % PARE ther EFHNE SUMPFE eftPhRMSd to be
di ffused and m xed Ihrou%h natural diffusion and natural convection. In any
of the M3 fGShet holisthen@ Hasedy IRy ehd 1At ed &so? aSet@n ¢ mbPERSS t he
m xing efficiency. Wth regard to Steps 1 and 2, there is no particular
restri cticoh ¢ Aérdod Bs MednigC ds UshieN gay agi 1 abd@fposftiadni @R "t HeS pr esent
invention can be prepared by conplying with the order of adding the
addi t i vesrandietheonetdwe ®f L mMxnhg itthengas @i t aoenpogiktd o rapd otvieer,
additives. Therefore, there may be used any addi ng

and the value obtained thereby is also defined as cetane

index.

There is no particular restriction on the cetane
number bf the gas o0il compositions of the present
invention as long as the above-described
characteristics are satisfactorily obtained. However,
the cetane number is preferably 45 or greater, more
preferably 47 or greater, more preferably 50 or greater
with the objective of inhibiting knocking during diesel
combustion and reducing the discharge of NOx, PM and
aledhydes in the exhaust gas. With the objective of
reducing black smoke in the exhaust gas, the cetane
number is preferably 80 or lower, more preferably 78
or lower, more preferably 75 or lower. The cetane
number used herein denotes the cetane number measured
in accordance with "7. Cetane number test method"
prescribed in JIS K 2280 "Petroleum
products-Fuels-Determination of octane number, cetane

number and calculation of cetane index".

The water content of the gas o0il composition of
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met hod used for producing a gas oil conpositionin a refinery. Wth regard
to a nethod of adding a cold flow inprover, a nethod has been used
frequently wherein it 1is added to a gas oil to be produced after diluted
with -63 a solvent, kerosene or gas oil or wherein it is added after
heated at a tenperature which is 10C higher than the environnent
tenperature. Preferably, the additives used in the present invention
gontain no solvent containing a chem cal substance the nelting point of
which is 10C or higher. |If a solvent with a nelting point of 10C or higher
is usedthen® moseant iwolg dtdepodia roae feami hanl € RePREx 0 Yofv @ heMgas oi |,
resulting in deterioration of the |owtenperature properties thereof.
Exanpl esmofre spredrtsaiiltyh S0 nebmi iy pod hturef, 10Crer i gherdankyudé®
saturated al cohols wherein hydroxyl groups bond to a straight-chain alkyl
group hapipng B¢ oo lhomme cartiont hat omsjand 1t he toer np nalvegrioipg (ftoe exanpl e,
dodecyl al cohol) and conpounds having a phenol group. Wth the objective

of reducicrgnd ©ad tticch Hef eomi f 0BREIMngidndScheref ghakl entairi e ruseoso- cal | ed
endocrine disrupter or substances, the use of which are prohibited fromthe

view of the esMiihQnENtHBr Qe i 0bonick fheggeaddidives demnsob¥erhe
therefore. It is necessary to add a lubricity inprover to the gas oil

conposi t oM OF 8§ sRIESEMn | IWEBL UL c W Bttt 1s k 2275 "Crude oil
and petroleum products-Determination of water content-
Potentiometric Karl Fischer titration method".

The flash point of the gas oil composition of the
present invention is preferably 45°C or higher. A
flash point of lower than 45°C is not preferable in view
of safety. Therefore, the flash point is preferably
47°C or higher, more preferably 50°C or higher. The
flash point used herein denotes the value measured in
accordance with JIS K 2265 "Crude o0il and petroleum
products-Determination of flash point".

There is no particular restriction on the carbon
residue of the 10% distillation residue of the gas oil
composition of the present invention. However, the
carbon residue of the 10% distillation residue is
preferably 0.1 percent by mass or less, more preferably
0.08 percent by mass or less, more preferably 0.05
percentAby mass or less with the objective of reducing
fine particles and PM, maintaining the performances of

the exhaust-gas post-processing system installed in an
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obj ective of preventing a fuel injection punp from wearing, the anmount of
the lubricity inprover is necessarily 20 ng/L or nore and 300 ng/L or |ess,
-64 preferably 50 ng/L or nore and 200 ng/L or less, in ternms of the
concentration of the active conponent. Wen the lubricity inprover is

bl ended in an anmount within these ranges, the lubricity inprover can
effectively exhibit its efficacy. For exanple, in a diesel engine equipped
with a distribution type injection punp, the lubricity inprover can
suppress the driving torque fromincreasing and can reduce wear on each part
of the pu while the engine .is driven. The |lubrjcity inprovers nust be
Chose of ‘T8e T ohPs A SREBURA iR AZs6l L GRG T mir S hE - a fatty
acid and/or a fatty acid,ester._ There is no rticular restriction on the
specific ?%aﬁeCSfrtq redhpamat Fhe Lt i‘%i?frﬁrﬁ?r%%@? Reylqdneressie, be
any one or nore tgpe sel ected from carboxylic acid- ester-, al cohol- and

phenol - baBed 9 ibrd@ney § $pk Baér §1ea ABRG tHesRCFEBIdan£e Wigrlovers, K

preferred are carboxylic acid- and ester-based lubricity inprovers. The
car boxyl i 223¢)} d-Baget | mbtirei t yuinmarroyep erfvayo beunm i nol ei ¢ aci d, ol eic acid,
salicylic acid, palmtic acid, nyristic acid or hexadecenoic acid or a
m xture pt otdvoc 05 —ortee phitestocardbxyhirk @aci de.s Earpl.es of the
ester-based |ubricity inprover include carboxylic
In the present invention, it is necessary that the
gas oil composition is first admixed with a lubricity
improver by line-blending, forced-stirring or leaving
to stand for a sufficient time (Step 1) and then admixed
with a cold flow improver by line-blending,
forced-stirring or leaving to stand for a sufficient
time (Step 2). Alternatively, depending on properties
required for fuel, between Steps 1 and 2 may be provided
a step wherein a detergent is admixed with the gas oil
composition by line-blending, forced-stirring or
leaving to stand for a sufficient time. Further,
according to the situations, other additives such as
cetane number improvers may be blended in a suitable
amount.
The line-blending referred to as a method of
mixing the gas o0il composition with additives denotes
a method wherein the additives are added to the gas oil
composition on the pathway of transfer thereof under

pressure between, for example, a storage tank and a

storage tank, a production unit and a production unit
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acid esters of glycerin. The carboxylic acid formng the carboxylic acid
ester may be of one or nore types. -65 Specific exanples of the carboxylic
acid include Ilinoleic acid, oleic acid, salicylic acid, palmtic acid,
nyristic acid or hexadecenoic acid. The average nolecul ar wei ght of the
active conmponent of the lubricity inprover is preferably 200 or greater and
1000 or less in order to enhance the solubility to the gas oil conposition.
To the gas oil conposition of the present invention nust be added a cold
flow i nprover through a predeterm ned step with the objective of preventing
the filter of paraliessli povenéd amdcorplsit @ragemt niggt Agbe Tid awdadt of the
cold flow inprover is necessarily 20 ng/L or nore and 1000 ng/L or |ess,

pr ef er abbyn BAOi rg/d. uot inoriehand BOPo pytli an bessse s tferare ohet he active
conmponent concentration. The cold flow inprover nust be an ethyl ene-vinyl
acetate o@pol yosem ans/ ehea Conpewrk st h aistr faceedesicder ef hgect. Exanpl es
of the cold flow inprover having a surface active effect include one or

nore typeasensetached e cope sl syiof 1 et hyleeng andi et byib o Set haer yl at e,
copolynmers of ethylene and a-olefin, chlorinated nethylene-vinyl acetate

copol ymens, Al kybnte9terly GOPOLYRRS § 0f UPsaLupabed, CaiRoxyld frackds  eaters

synt hesi zed from ni trogen-cont ai"'ni ng conpounds
additives are added thereto and forcedly diffused and
mixed by forced circulation with a pump and stirring
with a stirrer. The leaving to stand denotes a method
wherein the gas oil composition to which the additives
are added by any of various methods or in a storage tank
or a production unit is left to stand there for a
sufficient period to be diffused and mixed through
natural diffusion and natural convection. In any of
the mixing methods, the gas oil may be heated so as to
improves the mixing efficiency.

With regard to Steps 1 and 2, there is no
particular restriction thereon as long as the gas oil
composition of the present invention can be prepared
by complying with the order of adding the additives and
the method of mixing the gas oil composition and the
additives. Therefore, there may be used any adding
method used for producing a gas o0il composition in a
refinery. With regard to a method of adding a cold flow
improver, a method has been used frequently wherein it

is added to a gas o0il to be produced after diluted with
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havi ng a hydroxyl group and saturated fatty acids and -66 salts of the
esters, esters and am de derivatives synthesized from polyhydric al cohols
and saturated fatty acids, esters synthesized from pol yoxyal kyl ene gl ycol
and saturated fatty acid, esters synthesized from alkyl eneoxi de adducts of
pol yhydric al cohols or partial esters thereof and saturated fatty acids,
chl ori nated paraffin/naphthal ene condensates, al kenyl succiniam des, and
am ne salts of sul fobenzoic acids. O her than the above-exenplified cold
flow inprovers, the gas oil conposition of the present invention may

contain any one or, nore type selected fro al kenyl succj nam des; |i near
conpounds® st&H V&L © i %Sﬁeﬁ%nﬁcﬂf é’s“i%rgloqu 9 I%%ﬁfllerhelbl v80lPS BT ar
nitrogen conpounds conposed of reaction products of acids such as phthalic
acid, ethyFEfeditnt net 2t radcePPE TR L ent P Gh i} Dadt Fch 1488 drhagi d
anhydride thereof and hydrocarbyl-substituted am nes; and conb pol yners
conposed Bfealslyy 1 Fardret est P AFRHUT €t aconat es- unsat ur at ed ester
copol yners. Since conmercially available products referred to as cold flow
inprovers are drefieinalhyg,f drmei adshi thvetsheuaeti vien coimgorene s ecant ri but i ng
to lowtenperature fluidity (active conponents) are diluted with a
sui t abl e sokeeittiotherceivaen trhe abdweembhountinVéinhieng a chemical
substance the melting point of which is 10°C or higher.
If a solvent with a melting point of 10°C or higher is
used, the solvent would deposit earlier than the wax
of the gas ©0il, resulting in deterioration of the
low-temperature properties thereof. Examples of
solvents with a melting point of 10°C or higher include
saturated alcohols wherein hydroxyl groups bond to a
straight-chain alkyl group having 11 or more carbon
atoms and the terminal groups (for example, dodecyl
alcohol) and compounds having a phenol group. With the
objective of reducing load to the environment, it is
preferable not to use so-called endocrine disrupter or
substances, the use of which are prohibited from the
view of the environment protection, in these additives
or solvents therefore.
It is necessary to add a lubricity improver to the
gas 01l composition of the present invention. With the
objective of preventing a fuel injection pump from

wearing, the amount of the lubricity improver 1is

necessarily 20 mg/L or more and 300 mg/L or less,
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-67 cold flow inprovers denotes the anmount of the active conponents (active
conponent concentration) when such comercially avail able products are
added to the gas oil conposition of the present invention. To the gas oi
conposition of the present invention nay be added a detergent if necessary.
However, it is necessary that the detergent is added after addition of the
| ubricity inprover and before addition of the cold flowinprover, or
sinmultaneously wth addition of the lubricity inprover. There is no
particular restriction on the conponents of the detergent. Exanples of the
det er genbs € fhet abid vasShl mgy L dirspersanpts] 2f0d maxdhyst e,1 goo6 y et here alisne
conpounds which are reactions products of butyl eneoxi de and am ne;

pol ybut enyl tar ne ncosmpourdsi swhich Ete aetadvicon onpodeatts. of Whsobuhygl ene
copolymers and am ne; imde conpounds; al kenyl succinimdes such as

pol ybut eaylb r St€€iyni Mpdeo sy mt hesbzed d¢ om pal i enyilt suadi imcchavkydr at e
and et hyl ene pol yam nes; succinic acid esters such as pol ybutenyl succinic

acid est efangyst hegezedfrom pgl Yhydrd € 2l 6aRok s reuehi as 1 pentraepythritol
and pol ybut enyl succinic anhydrate; copol ynerized pol ynmers such as

copol ynerg Ot ¢ A @hkyl amnoetdyl npatdacrylabes s #olyelhvleae i ysal
nmet hacryl ates, or vinylpyrrolidon and -68
with a distribution type injection pump, the lubricity
improver can suppress the driving torque from
increasing and can reduce wear on each part of the pump
while the engine is driven.

The lubricity improvers must be those of type
containing a compound with a polar group, comprising
a fatty acid and/or a fatty acid ester. There is no
particular restriction on the specific name of the
compound. The lubricity improver may, therefore, be
any one or more type selected from carboxylic acid-,
ester-, alcohol- and phenol~-based lubricity improvers.,
Among these lubricity improvers, preferred are
carboxylic acid- and ester-based lubricity improvers,
The carboxylic acid-based lubricity improver may be
linoleic acid, oleic acid, salicylic acid, palmitic
acid, myristic acid or hexadecenoic acid or a mixture
of two or more of these carboxylic acids. Examples of
the ester-based lubricity improver include carboxylic
acid esters of glycerin. The carboxylic acid forming

the carboxylic acid ester may be of one or more types.
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al kyl met hacryl ates; and reaction products of carboxylic acids and am nes.
Anmong these, preferred are al kenyl succinimdes and reaction products of
carboxylic acids and am nes. These detergents may be used alone or in

conbi nati on. When an al kenyl succinimde is used, an al kenyl succinim de
having a nol ecul ar wei ght of 1000 to 3000 may be used al one, or an al kenyl
succi ni m de having a nol ecul ar wei ght of 700 to 2000 and an al kenyl

succi nim de having a nol ecul ar weight of 10000 to 20000 rmay be used in
conbination Car boxylic acids constituting reaction products of carboxylic

aci ds ands guines,; gawgneg;egn P (B €& LYBBS ) Speci{i§ exanples of the

carboxyllc 8¢ rnclu atty aci aV|ng carbon atoms and
aromatic . carhoxylic ac avi ng_7 t arbo atons. Exa of fatty
ccics havt FE° o12YS' 5550 bod S Ong i uae L DOt R0t 1 dib ¢ Rareh,
linoleic acid, oleic acid, palmticacid, and nyristic acid. Exanples of

aromati c @€afpoR\L s 5didé ity hﬁi‘ﬁdf&%%i’l%&naé:tld?m i hBEUAE ST BEE not

limted thereto, benzoic acid and salicylic acid. Amnes constituting
react i on PPOGEc5asf WehgBoxyAT cthE diC Bmd Sanf BB N be Odf BAE or nore
types. Typical exanples of am nes used herein include, but not |imted
t her et 0, blibird @it Hes.mVapveus asi pese hayadlsp 2P§ usedgresot Fherands no
particular restriction on the anount
1000 or less in order to enhance the solubility to the
gas 01l composition.

To the gas o0il composition of the present
invention must be added a cold flow improver through
a predetermined step with the objective of preventing
the filter of a diesel powered automobile from plugging.
The amount of the cold flow improver is necessarily 20
mg/L or more and 1000 mg/L or less, preferably 300 mg/L
or more and 800 mg/L or less in terms of the active
component concentration.

The cold flow improver must be an ethylene-vinyl
acetate copolymer and/or a compound with a surface
active effect. Examples of the cold flow improver
having a surface active effect include one or more types
selected from copolymers of ethylene and methyl
methacrylate, copolymers of ethylene and a-olefin,
chlorinated methylene-vinyl acetate copolymers, alkyl
ester copolymers of unsaturated carboxylic acids,

eaters synthesized fromnitrogen-containing compounds

having a hydroxyl group and saturated fatty acids and
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of the detergent to be bl ended. However, the anpbunt is preferably 20 ng/L
or nore, nore preferably 50 ng/L or nore, and nore preferably 100 ng/L or
nore, on the basis of the total nass of the conposition, because the
detergent can performits effect to suppress a fuel injection nozzle from
pl uggi ng. The effect may not be obtained if the anmount is |less than 20
ng/L. On the other hand, if the detergent is blended in a too nuch anount,
.ts effect as balanced with the amount is not obtained. Therefore, the
anount of the detergent is preferably 500 ng/L or |less, nore preferably 300
ng/ L or sladstss ndr & lpe ebertabt §, 266 hgts andesgilsbeadsa tthet ide@®ergent may

i ncrease the amounts of NOx, PM and al dehydes in the exhaust gas from a

di esel esgimehe sCommer fralm gval lvabter det ergeoths lag eagenerat by asheadl | able in a
state wherein the active conponent contributing to detergency is diluted

W th a siiataby eacseaent s tler § heyaase sheeel suebmppoducsd syariepl ended wth
the gas oil conpositions of the present invention, the content of the

active cgnpmonent airsy Psgherabt ¥d Vﬂé@t? the; @bovesrdessr idads hardes e bf
necessary, the gas oil conpositions of the present invention nmay be bl ended

270 namber a1 hE CoTGan e, The et ane Brber T ir VT o be Sy of

various partial esters thereof and saturated fatty acids,
chlorinated paraffin/naphthalene condensates, alkenyl
succiniamides, and amine salts of sulfobenzoic acids.

Other than the above-exemplified cold flow
improvers, the gas o0il composition of the présent
invention may contain any one or more type selected from
alkenyl succinamides; linear compounds such as
dibehenic acid esters of polyethylene glycols; polar
nitrogen compounds composed of reaction products of
acids such as phthalic acid,
ethylenediaminetetraacetic acid and nitriloacetic
acid or acid anhydride thereof and
hydrocarbyl-substituted amines; and comb polymers
composed of alkyl fumarates- or alkyl
itaconates-unsaturated ester copolymers.

Since commercially available products referred to
as cold flow improvers are often in the form in which
the active components contributing to low-temperature
fluidity (active components) are diluted with a

suitable solvent. Therefore, the above amount of the
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conpounds known as cetane nunber inprovers for gas oil. Exanples of such
cetane nunber inprovers include nitrate esters and organi c peroxi des. These
cetane nunber inprovers nay be used alone or in conbination. Preferred for
use in the present invention are nitrate esters. Exanples of the nitrate
esters include various nitrates such as 2-chloroethyl nitrate,

2-ethoxyethyl nitrate, isopropyl nitrate, butyl nitrate, prinmary anyl
nitrate, secondary anyl nitrate, isoanyl nitrate, primary hexyl nitrate,
secondary hexyl nitrate, n-heptyl nitrate, n-octyl nitrate, 2-ethyl hexyl

nitrate, ¢ qufi | nitrat and, et hyl ene_glycol dinitrate. Partjcularly
preferredcéﬁ(gl a %Y’ ﬁin}pr%?ggrsha%?rﬁa%§ﬁot%ecgﬂrboolhn tgréétkfﬁeacco%:t%ﬁt of the
cetane nunber inprover is .greferabl 500 nmg/L or nore, nore preferably 600
my/L  or GBREC & Spl & hBPy S 98 MYF L LoF RN LEG e OBr eEYSbISN 860 ny/ L
or nore, nost preferably 900 gg%t or nore. If the content of the cetane
nunber | NPPBHVET Ci 38 lles 2 Y Adnd HobenBrIC A fE Scét Bhed AGRFErt Pnidvi %gs ef f ect
may not be attained sufficiently, leading to a tendency that PM al dehydes,
and NOx iaithe axhagsit gas of opha dirsekEndngi peeartel ot reduced
sufficiently. -71 There is no particular restriction on the upper limt
content of the Tet ahe ngaberoi hprowgre s Hovierer ¢ £t hdhe upperséntrit is
preferably 1400 ng/L or |ess, nore

invention may be added a detergent if necessary.

However, it 1s necessary that the detergent is added

after addition of the lubricity improver and before

addition of the cold flow improver, or simultaneously

with addition of the lubricity improver. There is no

particular restriction on the components of the

detergent. Examples of the detergents include ashless

dispersants, for example, polyether amine compounds

which are reactions products of butyleneoxide and

amine; polybutenyl amine compounds which are reaction

products of isobutylene copolymers and amine; imide

compounds; alkenyl succinimides such as polybutenyl

succinimide synthesized from polybutenyl succinic

anhydrate and ethylene polyamines; succinic acid

esters such as polybutenyl succinic acid ester

synthesized from polyhydric alcohols such as

pentaerythritol and polybutenyl succinic anhydrate;

copolymerized polymers such as copolymers of

dialkylaminoethyl methacrylates, polyethylene glycol

methacrylates, or vinylpyrrolidon and
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— e
preferably 1250 ng/L or |ess, nore preferably 1100 ng/L or |ess, and nost
preferably 1000 ng/L or less, on the basis of the total nmass of the gas oi
conposition. The cetane nunber inprover nmay be any of those synthesized in
accordance with conventional nethods or comrercially avail able products.
Such products in the name of cetane nunber inprover are available in a
state wherein the active conponent contributing to an inprovenent in
cetane nunber (i.e., cetane nunber inprover itself) is diluted with a
suitable solvent. In the case where the gas oil conposition of the present

I nventi o 1i,S, PRERYY. 9§'ar£ge§nya91fdSﬂggc%@ﬁr?r%éﬁ{ct%vaéfame products,
the content "of the effective conponent is preferably within the

above- described, 1range. s W1 arder b f4Lt her enp p ﬁetﬁf operdiesof the

gas oil conpositions o he present 1 nvention, fue oi

addi tives (hereinaft referred .to as "other s nveni ence)
may be ué a‘?gkgnyo oJrr%iLW&t n. aEx n%?es o hé%otq'u gEs 83% ves

i ncl ude phe and anlnrc anpti - oxi dants; netal deactrvators S ch as

i C-

salicyli &&f%‘é?‘ﬁ’\}éﬁ Vegidsy g t?m&BFrsorsr o §§ENCE STEA SAL 2T PRaPi® ani nes
and al kenyl succinic acid esters; anti-static additives such as anionic,
cati oni c USEHA AMSHR ePFc idurFaB® I nat 9@ agdhben @dl of K¢ Bgent s such as azo
dye;

succinimide is used, an alkenyl succinimide having a
molecular weight of 1000 to 3000 may be used alone, or
an alkenyl succinimide having a molecular weight of 700
to 2000 and an alkenyl succinimide having a molecular
weight of 10000 to 20000 may be used in combination.
Carboxylic acids constituting reaction products of
carboxylic acids and amines may be of one or more types.
Specific examples of the carboxylic acids include fatty
acids having 12 to 24 carbon atoms and aromatic
carboxylic acids having 7 to 24 carbon atoms. Examples
of fatty acids having 12 to 24 carbon atoms include,
but not limited thereto, linoleic acid, oleic acid,
palmitic acid, andmyristicacid. Examples of aromatic
carboxylic acids having 7 to 24 carbon atoms include,
but not limited thereto, benzoic acid and salicylic
acid. Amines constituting reaction products of
carboxylic acids and amines may be of one or more types.
Typical examples of amines used herein include, but not
limited thereto, oleic amines. Various amines may also

be used.
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silicone-based defoam ng agents and anti-icing agents such as
2- met hoxyet hanol , isopropyl alcohol and polyglycol ethers. The anpunts of

the other additives may be arbitrarily selected. However, the anmount of
the other additives is preferably 0.5 percent by nmass or |ess,
nore preferably 0.2 percent by mass or less, on the basis of the total

each of

of the conposition. There is no particular restriction on the other

specification of a diesel engine where the gas oil conposition of the
invention is used the applications thereof, the environnent where”

the gas oil copg8§|t| g %$gq (ﬁ§lg§s% E@@Ql gx;npggg d|n Ci/uPI[!ihe

pr esent

pr esent

i nvention, the u oi l conp05|t|on

mass

[ ke r endef s RS b eeﬁasgetﬁas% ﬁﬁ%céﬁ%ﬁ%@?? et S e %”a%%'ht?ga??ibf o

for a wnter season that can 7ch|eve envi r onnent Ioad r educti on,

| owt enpet &t BFE T bpRALY &L &l

have been difficult to -73 achieve with the conventional gas oi
conposi t i @AMV 2 REUEH X heP §&S OF #Pdonpdyd tmer Lofo t Heoprasemt theent i on

contains mainly an FT synthetic base oi

The pr esenesiirvertt itdre dant plovids @ fgad@idomposition, because the

detergent can perform its effect to suppress a fuel
injection nozzle from plugging. The effect may not be
obtained if the amount is less than 20 mg/L. On the
other hand, if the detergent is blended in a too much
amount, its effect as balanced with the amount is not
obtained. Therefore, the amount of the detergent is
preferably 500 mg/L or less, more preferably 300 mg/L
or less, more preferably 200 mg/L or less because the
detergent may increase the amounts of NOx, PM and
aldehydes in the exhaust gas from a diesel engine.
Commercial available detergents are generally
available in a state wherein the active component
contributing to detergency is diluted with a suitable
solvent. In the case where such products are blended
with the gas 0il compositions of the present invention,
the content of the active component is preferably
within the above-described range.

If necessary, the gas o0il compositions of the
present invention may be blended with a cetane number

improver in a suitable amount to enhance the cetane
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conposition suitable for a winter season that can achieve environnment | oad
reduction, |owtenperature performance and | ow fuel consunption all
together. [Exanples] Hereinafter, the present invention will be described
Ln nore detail by way of the followi ng exanples and conparative exanpl es,
whi ch should not be construed as limting the scope of the invention. The
characteristics of gas oil conpositions were neasured by the foll ow ng

met hods. The conponent ratio of each fraction and cetane nunber thereof
were neasured after base oils were blended and distilled. The density

ref errednhered n déndtles tloaplensittiyon measured in accordance with JI'S K 2249
"Crude petroleum and petrol eum products-Determ nati on of density and

pet r ol eum neasThenerit 4 @bl esniasedi np rao vefemencd e tampepdt wraer {dBE€)". The
ki nematic viscosity referred herein denotes -74 the viscosity nmeasured in
accordaneempd lindlsSkK 02283 s "cGrtdlrepetimtletimmpedopetr Ol faimgas oil.
products-Determ nation of kinematic viscosity and cal cul ation of viscosity

i ndex fromatfeaBt iy vE§edsi d¥t anthen i@t Pokbl v e6r ath denaien denotes the
val ue neasured in accordance with JIS K 2265 "Crude oil and petrol eum

ggggggts S?%tﬂ%n%@@@rgf fl@shrReimt & pEhe subfew . conperte refenred herein
number improvers may be used alone or in combination.
Preferred for use in the present invention are nitrate
esters. Examples of thenitrate esters include various
nitrates such as 2-chloroethyl nitrate, 2-ethoxyethyl
nitrate, isopropyl nitrate, butyl nitrate, primary
amyl nitrate, secondary amyl nitrate, iscamyl nitrate,
primary hexyl nitrate, secondary hexyl nitrate,
n-heptyl nitrate, n-octyl nitrate, 2-ethylhexyl
nitrate, cyclohexyl nitrate, and ethylene glycol
dinitrate. Particularly preferred are alkyl nitrates
having 6 to 8 carbon atoms.

The content of the cetane number improver 1is
preferably 500 mg/L or more, more preferably 600 mg/L
or more, more preferably 700 mg/L or more, more
preferably 800 mg/L or more, most preferably 900 mg/L
or more. If the content of the cetane number improver
is less than 500 mg/L, the cetane number improving
effect may not be attained sufficiently, leading to a
tendency that PM, aldehydes, and NOxXx in the exhaust gas

from a diesel engine are not reduced sufficiently.
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mass content of the sulfur conponents on the basis of the total mass of the
conposition, neasured in accordance with JIS K 2541 "Crude oil and

petrol eum products-Determ nation of sulfur content”. The oxygen content
referred herein denotes the value nmeasured with a thermal conductivity
detector after the sanples were converted to CO or alternatively further
to CO2, on platinumcarbon. Al of the distillation characteristics referred
herei n denotes the val ues neasured in accordance with JI'S K 2254 "Petrol eum
products-Determ nation of distillation characteristics". The content of )

normal p f ns. every bo qnq h rg naf t frred tq as. "CnP")
cont ent g?ﬁ ﬁé?ﬁﬁf pérggﬁi Q %&lng é g %ar 8nt oﬁ%ppfﬁé éPHéFter
referred to as " Ciﬂl ) and conten&) .hydr ocar bon haV|n%_ o 30
car bon at ofR¥ 5?H%rOF € 78S PioP HEI® Dar AFFI TRV R&vi ng! PHSVE 30 £4Pbon
atons (hereinafter referred to as "C20- C30 hydrocarbon content other than
C20- C30P"YPRET tha™idl kS det&rht hed L byl 40H diagLt IRF t bERIS coBPER of nor nal
paraffins having 20 to 30 carbon atons by the total content of
hydr ocar beh¢ fiavd b v20 2650 3@ Clardon @ snsletifeP nshanr abHey Aokrh@Im@aLaf fi ns
having 20 to 30 carbon atons (C20- C30P/ C20- C30 hydrocar bon content ot her
than C20e €C30Rks sar eahemoaltugsr € rags® 1 yed80lechaM Lho BCLEISB, on the

basis of the total mass of the gas o0il composition.

The cetane number improver may be any of those
synthesized in accordance with conventional methods or
commercially available products. Such products in the
name of cetane number improver are available in a state
wherein the active component contributing to an
improvement in cetane number (i.e., cetane number
improver itself) is diluted with a suitable solvent.

In the case where the gas 0il composition of the present
invention is prepared using any of such commercially
available products, the content of the effective
component 1s preferably within the above-described
range.

In order to further enhance the properties of the
gas 0il compositions of the present invention, other
known fuel o0il additives (hereinafter referred to as
"other additives" for convenience) may be used alone
or in combination. Examples of the other additives

include phenolic- and aminic anti-oxidants; metal

deactivators such as salicyliden derivatives;
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or the values calculated therefrom that is, those neasured under
conditions wherein the colum is a capillary colum fornmed of nethyl
silicone (ULTRA ALLOY-1), the carrier gas is heliumand the detector is a
f.lame ionization detector (FID), under conditions wherein the colum | ength
is 30 m the carrier gas flow rate is 1.0 nL/mn, the ratio of division is
1: 79, the sanple injection tenperature is 360C, the colum is heated up
from 140C to 355C (8C/ mn), and the detector tenperature is 360C. The
cetane index and cetane nunber referred herein denote the values cal cul ated
in accor dante-wotthr ©814n cegand usbeh cas calldtdoat st ol nsisng@ Wari abl es
equation” prescribed in JIS K 2280 "Petrol eum products-Fuel s-Determ nation
of octane nkiwbgrl, setane iausbdrd amdteal <ul anitan- ot acdtanaddurtbeyes - 76 The
cloud point referred herein denotes that mneasured in accordance with JIS K
2269 "Testudn Hestfwldiofndrc Pour tRod mi canda i oachRod bk rafc Csude 8¢ and

Petrol eum Products”. The cold filter plugging point referred herein

denot es té@tlﬂ%asa@@dtlsr) ag600GANEE Wigldh JbSsti 288" Gaso aiyle Det er mi nati on
of cold filter plugging point". The pour point referred herein denotes that

neasur ed dm @@%Q{éﬂa%% e\M tde 9 Skt r2926a9g<'=l$%%t iatH Mat hed 1 506 gPeyenRad nt and
Cl oud Poi nt of Crude and Petroleum

such as 2-methoxyethanol, isopropyl alcohol and
polyglycol ethers.

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

There is no particular restriction on the other
specification of a diesel engine where the gas oil
composition of the present invention is used, the
applications thereof, the environment where the gas oil
composition is used.

As described above, according to the present
invention, the use of a gas o0il composition produced
by the above-described process to satisfy requirements
regarding fraction and the like renders it possible to
produce easily a gas oil composition suitable for a
winter season that can achieve environment load
reduction, low-temperature properties and low fuel

consumption all together, which have been difficult to
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Products”. The carbon residue content of the 10% distillation residue
referred herein denotes that neasured in accordance with JIS K 2270 "Crude
petrol eum and petrol eum products-Determ nati on of carbon residue". The
aromatic content referred herein denotes the volune percentage (volunme %
of the aromatic conponent content neasured in accordance with JPI-5S49-97"
"Petrol eum Product s-Det erm nati on of Hydrocarbon Types-Hi gh Perfornmance
Li qui d Chronat ography” prescribed in JPlI Standard and Manual s Testing
Met hod for Petrol eum Products published by Japan Petrol eum Inst. The

id fi ' [ (NN .est ferred herein denot
Phe val ue noacuad | o T8 SAA Ak £oRin Htopidebabtedt pEQTT Rt in opr

Standard and | s Testing Method for Pet Pr oduct bli shed b
Japan Pett BPUH LIS ST &1 £ NGOGt PrionS BRE Bas Tt £ ? B4 Sebel of at ed

oxidation at a tenperature of 95C under oxygen bubbling for 16 hours in
accor danceC e ST Y- 88 Fhe Syl G513 coREentChtter an oxidation
stability test referred herein denotes the value neasured after the
conpositions are subjected to an accelerated oxidation at a tenperature of

95C under oxygen bubbling for 16 hours in accordance with ASTM
[Applicability in the Industry]

The present invention can provide a gas oil
composition suitable for a winter season that can
achieve environment load reduction, low-temperature

performance and low fuel consumption all together.

[Examples]

Hereinafter, the present invention will be
described in more detail by way of the following
examples and comparative examples, which should not be
construed as limiting the scope of the invention.

The characteristics of gas 0il compositions were
measured by the following methods. The component ratio
of each fraction and cetane number thereof were
measured after base oils were blended and distilled.

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 kinematic viscosity referred herein denotes
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D2274-94. The lubricity, i.e., HFRR wear scar dianmeter (W5l.4) referred
herein denotes |lubricity nmeasured in accordance with JPI-5S-50-98 "Gas oi
-Testing Method for Lubricity" prescribed in JPI Standard and Manual s
Testing Met hod for Petrol eum Products published by Japan Petrol eumInst.
The water content referred herein denotes that neasured in accordance with
JIS K 2275 "Crude oil and petrol eum products-Determ nati on of water
content- Potentionetric Karl Fischer titration nethod". (Exanples 1 and 2,
and Conparative Exanple 1) Base oils with characteristics _set forth in Table
-78 1 wetBeblehded stid progacei yad din xoapssianefs Wsdth f 6Eth K 42 §abl e 2
(Exanples 1 and 2 and Conparative Exanple 1). FT synthetic base oils 1 and
2 are hylfooatdare t moxtanesa pdopated byunopverty qigsn@ararmgast t boax or a
m ddl e fraction through FT reaction, followed by hydrotreating. The

react i onocondi t eors f or véaacto FI1t ysyau Hetiacl bade tdidn varfi edi s ED ssiyny het i ¢
base oil 1 is a base oil produced by isonerization positively carried out.
FT synt hethidebaseoni | k 2Zniemaat base idtokasutting froma treatnent wherein
too nuch enphasis was not placed on isonerization. The highly hydrotreated

base oil is arhydracalbqio basereife P edured biynfashibere s s ak4 eaki ng a gas
oil base oil to further reduce the
measured in accordance with JIS K 2265 "Crude o0il and
petroleum products-Determination of flash point".

The sulfur content referred herein denotes the
mass content of the sulfur components on the basis of
the total mass of the composition, measured in
accordance with JIS K 2541 "Crude o0il and petroleum
products-Determination of sulfur content”.

The oxygen content referred herein denotes the
value measured with a thermal conductivity detector
after the samples were converted to CO or alternatively
further to CO,;, on platinum carbon.

All of the distillation characteristics referred
herein denotes the values measured in accordance with
JIS K 2254 "Petroleum products-Determination of
distillation characteristics”.

The content of normal paraffins every carbon
number (hereinafter refrred to as “CnP”), content of
normal paraffins having 20 to 30 carbon atoms

(hereinafter referred to as “C20-C30P”) and content of

hydrocarbons having 20 to 30 carbon atoms other than
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sul fur and aromatic contents. The processed oil derived froman aninmal or
vegetable oil is an oil produced by hydrotreating palmoil (whole
conponent) used as the raw material to renove the foreign substance. The
hydrorefi ned gas oil corresponds to a comercially available JIS No. 2 gas
oil which is used in a winter season. The gas oil conpositions of Exanples-
1 and 2 and Conparative Exanple 1 were produced by bl ending these base
oils in suitable amobunts or using any of the base oils as the whole. The
additives used in these exanples are as follows: -79 Lubricity inprover:

[ nfi neum R,055, spguhac it gd = byo | gliyienm Japap,Lig, Lactive companent

strai ght ain er ure contarning a atty aci € raw
mat eri al

vera ecul ar. ht: 250 alken succi ni m de
ni xt ur e Cﬁﬁ&‘ﬁ ¥%p]6v5?f%5ﬁ ﬁ%ﬁiiowxgnufg§tur 3d5§’ ?ﬁ%lﬁbUﬁ]Japan
Ltd. (active conpone th ,acetate olymer mxture, solvent:
al kyl E)enzﬁﬂé‘) S I?FHS pS%rﬁrY gggcgéfb\’g g % FHQEQ&%*% deteddit166s were
added through predeternined ste i.e., s wherein the lLubricity
|rmrovm'QMs@ﬁwbﬁl&ﬁiEh@n%ﬂﬁ?EmQ9ﬂ¢?nﬁ Brgmal paraffins

having 20 to 30 carbon atoms by the total content of
hydrocarbons having 20 to 30 carbon atoms other than
the normal paraffins having 20 to 30 carbon atoms
(C20-C30P/C20~-C30 hydrocarbon content other than
C20-C30P) are the values (mass%) measured with GC-FID
or the values calculated therefrom, that is, those
measured under conditions wherein the column is a
capillary column formed of methyl silicone (ULTRA
ALLOY-1), the carrier gas is helium and the detector
is a flame ionization detector (FID), under conditions
wherein the column length is 30 m, the carrier gas flow
rate is 1.0 mL/min, the ratio of division is 1:79, the
sample injection temperature is 360°C, the column is
heated up from 140°C to 355°C (8°C/min), and the
detector temperature is 360°C.

The cetane index and cetane number referred herein
denote the values calculated in accordance with "8.4
cetane number calculation method using variables
equation" prescribed in JIS K 2280 "Petroleum
products-Fuels-Determination of octane number, cetane

number and calculation of cetane number".
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forced-stirred, and the cold flow inprover was added and then sufficiently
m xed and forced-stirred. Also in Exanple 2, additives were added through
predeterm ned steps, i.e., steps wherein the lubricity inprover and the
detergent were added and then sufficiently m xed and forced-stirred, and
the cold flowinprover was added and then sufficiently m xed and
forced-stirred. In Conparative Exanple 1, only the cold flowinprover was
added. It was confirmed that these additives used in these exanples
contained no solvent with a boiling point of 10C or higher. -80 Table 2
sets forth theTheendlioati pointhe ghsroield ltempdsi tdens ttdhsis tpragpar ed and
the 15C density, 30C kinematic viscosity, flash point, sulfur content,
oxygen cnetenired $hi blcato bdadlkes act€hi STBCE, 2@t ente s ofi nonret hpar af fi ns
every carbon nunber (CnP) , content of normal paraffins having 20 to 30

carbon afresp o(E@uG3I0P)an ¥ @ ey det €F Aitned bdyudievDdilngnidheetrata@l e ugont ent  of
normal paraffins having 20 to 30 carbon atons by the total content of

hydr ocar bensyhavismg 20 to 30 carbon atons other than the nornmal paraffins,
cetane index, cetane nunber, aromatic content, cloud point, «cold filter

PLugsi 0 pointxpouso DAl 1 EBEDON EBidp pBaatent ol g bl gh ] atior
stabili téetnegtgésm@ﬁatsr%g‘rasdraggtln aaggo\ﬁ%tanc On{%pltJIS K 2288 "Gas
oil-Determination of cold filter plugging point".

The pour point referred herein denotes that
measured in accordance with JIS K 2269 "Testing Method
for Pour Point and Cloud Point of Crude Oil and Petroleum
Products".

The carbon residue content of the 10% distillation
residue referred herein denotes that measured in
accordance with JIS K 2270 "Crude petroleum and
petroleum products-Determination of carbon residue".

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

The peroxide number after an oxidation stability

test referred herein denotes the value measured in

-77-



of each conposition. The gas oil conposition used in Exanples 1 and 2 were
produced by bl ending 60 percent by mass or nore of the FT synthetic base
oils as set forth in Table 2. Further, as apparent from Table 2, gas oi
conpositions satisfying the characteristics as defined herein were easily
produced without fail, in Exanples 1 and 2 wherein the FT synthetic base
oils were blended within the range defined herein. On the other hand, as
apparent from Conparative Exanple 1, where the -81 conposition did not have
the characteristics prescribed in the present invention or was not adm xed"

ith th det 1 ned it fiined in_Ste 1 .and_2_of th t
vent i ond T GRBCG 1 Lot 1160 48 PR GhEBA By XAE [rbSERE | nvent|on was

not produced. Next, the follow ng various tests were carried out using the
gas oi | cohFdsRRFona Rt Hedn? 8 T &bl Jadte tbothar afi v EaAsIE 1. Al l

results are set forth in Table 3. As apparent from Table 3, the gas oi
conposi t i BAS BicERampiesishafll RyardérasBewindl eghvivhfest toadtheduci ng
properties, which-are excellent in fuel consunption properties and
| owt enpecatmpes stardapid Feysubdepared Wtdnthecgds r ot kdcoxpaka tiom of
Conparative Exanple 1 and thus are high quality fuels that can achieve at a
hi gh | evebt exasdhpstr aftuet ecors @it € oanpreapeskygerantubbling for 16

hours in accordance with ASTM D2274-94.

The insoluble content after an oxidation
stability test referred herein denotes the value
measured after the compositions are subjected to an
accelerated oxidation at a temperature of 95°C under
oxygen bubbling for 16 hours in accordance with ASTM
D2274-94.

The lubricity, i.e., HFRR wear scar diameter
(WS1l.4) referred herein denotes lubricity measured in
accordance with JPI-55-50-98 "Gas 0il -Testing Method
for Lubricity" prescribed in JPI Standard and Manuals
Testing Method for Petroleum Products published by
Japan Petroleum Inst.

The water content referred herein denoctes that
measured in accordance with JIS K 2275 "Crude 01l and

petroleum products-Determination of water content-

Potentiometric Karl Fischer titration method".

(Examples 1 and 2, and Comparative Example 1)

Base oils with characteristics set forth in Table
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| ow-tenperature startability in a wnter season, that were difficult to
achieve with the conventional gas oil conpositions. (Di esel conbustion
test) A vehicle 1 was driven using each gas oil conposition under a test
node shown in Fig. 1 to measure NOx, snoke and fuel consunption. The
results obtained wusing the fuel in Conparative Exanple 1 were defined as
100, and the results of the other fuels were -82 rel atively eval uated by
conparison with the results of Conparative Exanple 1 (snaller val ues
indicate better results). (Lowtenperature startability test) Using the
vehi cl e Lareirenb heaivhsdite gyrrsdoaet @B S eapabbP&rofs £bAONY ISy faveth

envi ronnent tenperature, each of the gas oil conpositions was subjected to
a test tarfTisdul eul atkExanmltessrplr ahur € byn @1 dnhps iangl v ¢ washimgl et he f uel
systemof a test diesel vehicle with a fuel to be evaluated; (2) draining
out the fhashirmg sfuelhetf 3 epdacobrid 4 he maid 2i bhtrey WiyHreawboe; and (4)
feeding the fuel tank with the fuel to be evaluated in a specific anpunt

(1/2 of hh&dw@pksvelryru ot dt be tashvevrehighehatTheal egh swas Gonki swed by (5)
cooling rapidly the environment tenperature fromroom tenperature to -15C,

((363 af:eg%nmtdﬂ@lteerm%@t%% athrolRfhf er aNeabeulon (7¥oqodhaa pdual ly at
hydrotreating. The reaction conditions for each FT
synthetic base 0il varied. FT synthetic base o0il 1 is
a base oil produced by isomerization positively carried
out. FT synthetic base o0il 2 is a base 0il resulting
from a treatment wherein too much emphasis was not
placed on isomerization. The highly hydrotreated base
0il is a hydrocarbon base 0il produced by further
hydrotreating a gas oil base 0il to further reduce the
sulfur and aromatic contents. The processed oil
derived from an animal or vegetable o0il 1is én oil
produced by hydrotreating palm oil (whole component)
used as the rawmaterial to remove the foreign substance.
The hydrorefined gas o0il corresponds to a commercially
available JIS No. 2 gas oil which is used in a winter
season. The gas 0il compositions of Examples 1 and 2
and Comparative Example 1 were produced by blending
these base oils in suitable amounts or using any of the

base 0ils as the whole.

The additives used in these examples are as

follows:
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1C h till reaching to the predeterm ned tenperature (-25C); and (8)
starting the engine after the tenperature was kept at the predeterm ned
tenperature for one hour. If the engine did not start even after 10 second
cranking was repeated twice at an interval of 30 seconds, the fuel was

eval uated as "Not passed" at this monment. If the engine started while 10
second cranking was repeated twice at an interval of 30 seconds, -83 it was
idled for 3 mnutes and then the vehicle was speeded up to 60 knih over 15
seconds and driven at the |ow speed. When defects in operation (hunting,

t unbl e, hi d_reducti J t b d while th
Vehi ol o' was SpaeWBA ik 1B 80T Rearid T0FY VBR Al ( hap RGNt Fert BORR nut oe.

the gas oil conposition was eval uated as "Not passed" at this nonment. |f
the engine raPUntiftReUBNS W ERodtt Any etV e tIRMNBGESEDFF conposition
was eval uated as "Passed". (Vehicle specification): Vehicle 1 Type of

engi ne: in-linesrajighdeshianter aed s§ggerthiitgete dresdla epginge i th EGR
Di splacenent: 1.4 L Internal dianmeter x stroke: 73 mmx 81.4 mm Conpression
ratio: 18.5 (alfetéed vacild.ay thMaxiawnmetittputa l72akWrai96 mpmeAdobaed
regul ati on: 2002 Exhaust Gas Em ssion Regul ation

weight: 250 MW)

Detergent: alkenyl succinimide mixture

Cold flow improver: Infineum R240 manufactured by

Infineum Japan Ltd. (active component:

ethylene-vinyl acetate copolymer mixture,

solvent: alkylbenzene) (melting point: -50°C or

lower)

In Example 1, additives were added through
predetermined steps, i.e., steps wherein the lubricity
improver was added and then sufficiently mixed and
forced-stirred, and the cold flow improver was added
and then sufficiently mixed and forced-stirred. Also
in Example 2, additives were added through
predetermined steps, i.e., steps wherein the lubricity
improver and the detergent were added and then
sufficiently mixed and forced-stirred, and the cold
flow improver was added and then sufficiently mixed and
forced-stirred. In Comparative Example 1, only the
cold flow improver was added. It was confirmed that

these additives used in these examples contained no

solvent with a boiling point of 10°C or higher.
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Vehi cl e weight: 1060 kg Transm ssion: 5-speed manual transm ssion

Exhaust - gas post - processi ng device: oxidation catalyst -84 d Mo o'tq'o

N No 20~0d!! Gymtom m Nv > I~NN atp '"CONN
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Table 2 sets forth the blend ratio of the gas oil
compositions thus prepared and the 15°C density, 30°C
kinematic viscosity, flash point, sulfur content,
oxygen content, distillation characteristics, content
of normal paraffins every carbon number (CnP), content
of normal paraffins having 20 to 30 carbon atoms
(C20-C30P), value determined by dividing the total
content of normal paraffins having 20 to 30 carbon atoms
by the total content of hydrocarbons having 20 to 30
carbon atoms other than the normal paraffins, cetane
index, cetane number, aromatic content, cloud point,
cold filter plugging point, pour point, carbon residue
content of the 10% distillation residue, insoluble
content and peroxide number after an oxidation
stability test, wear scar diameter and water content
of each composition.

The gas 0il composition used in Examples 1 and 2
were produced by blending 60 percent by mass or more
of the FT synthetic base oils as set forth in Table 2.
Further, as apparent from Table 2, gas oil compositions
satisfying the characteristics as defined herein were
easily produced without fail, in Examples 1 and 2
wherein the FT synthetic base 0ils were blended within
the range defined herein. On the other hand, as

apparent from Comparative Example 1, where the
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composition did not have the characteristics

prescribed in the present invention or was not admixed
with the predetermined additives as defined in Steps
1and22thhepresentinvention,thegasoilcomposition
as intended by the present invention was not produced.

Next, the following various tests were carried out
using the gas o0il compositions of Examples 1 and 2 and
Comparative Example 1. All results are set forth in
Table 3. As apparent from Table 3, the gas oil
compositions of Examples 1 and 2 are those with
environment load reducing properties, which are
excellent in fuel consumption properties and
low-temperature startability, compared with the gas
0il composition of Comparative Example 1 and thus are
high quality fuels that can achieve at a high level
excellent fuel consumption properties and
low-temperature startability in a winter season, that
were difficult to achieve with the conventional gas oil
compositions.

(Diesel combustion test)

A vehicle 1 was driven using each gas oil
composition under a test mode shown in Fig. 1 to measure
NOx, smoke and fuel consumption. The results obtained
using the fuel in Comparative Example 1 were defined

as 100,-and the results of the other fuels were
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Exanple 1 Exanple 2 Conparative Exanmple 1 Ff synthetic base oil 1 100 60
FT synthetic base oil 2 100 Hi ghly hydrogenated processed oil 10 Processed
oil derived fromanimal or vegetable oil 10 Hydrorefined gas oil 20 Density
(15C) kg/rd 778 790 771 Kinematic viscosity (30C) m&S 3.0 3.2 2.8 Flash
-point C 58 62 58 Sulfur content mass ppm <1 <1 <1 Oxygen content nmass ppm
<10 <10 120 Initial boiling point 158.5 161.0 171.0 10%distillation
tenperature 195.0 202.0 217.0 Distillation .......... ... .. ... .. .. .. .....

e e characteristics C 50%distillation tenperature 2415 254.0

0
264:0 0% di gt Y By & Sfpa ?fzf’%é‘n"w? T 25 SHEPRIY BP9 8555
S :c:dm@aga't'rvé'séambre' 1 <%mauer %altfy Jigicate vetter Oyt

.................. 1 .............. 11 .. ..........2.6 ...... C20 1.1 0.7
1.9 C20Xc3wlEsg 1.5 2.4 C20-30 hydrocarbon content other than C20-30P
mss% 7.5 4.4 12.6

(Low-temperature startability test)

Using the vehicle 1°and on a chassis dynamometer
capable of controlling the environment temperature,
each of the gas 0il compositions was subjected to a test
carried out at room temperature by (1) flashing
(washing) the fuel system of a test diesel vehicle with
a fuel to be evaluated; (2) draining out the flashing
fuel; (3) replacing the main filter with new one; and
(4) feeding the fuel tank with the fuel to be evaluated
in a specific amount (1/2 of the tank volume of the test
vehicle). The test was continued by (5) cooling
rapidly the environment temperature from room
temperature to -15°C; (6) keeping the temperature at
-15°C for one hour; (7) cooling gradually at a rate of
1°C/h till reaching to the predetermined temperature
(-25°C); and (8) starting the engine after the
temperature was kept at the predetermined temperature
for one hour. If the engine did not start even after
10 second cranking was repeated twice at an interval
of 30 seconds, the fuel was evaluated as “Not passed”
at this moment. If the engine started while 10 second

cranking was repeated twice at an interval of 30 seconds,
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C20- 030P/ C20- C30 hydrocar bon content other than C20-30P 0.24 0.34 0.19
Cetane index 72.0 69.6 85.7 Cetane nunber 65.5 64.0- 80.9 Aromatic content
vol. %<1 3.6 <1 doud point C-17.0 -19.0 -13.0 Cold filter plugging
point C-28.0 -29.0 -17.0 Pour point C-35.0 -37.5 -22.5 Carbon residue
content of 10%distillation residue mass % 0.00 0.00 0.00 Peroxide nunber
massrppm 0 15 1 Wear scar dianeter (W5 1.4) pm 360 340 460 |Insoluble
content ng/100nmL 0.1 0.1 0.7 Water content vol. ppm 19 2 47 Lubricity

i mprover ng/L 150 150 - Detergent ng/L - 100 - Cold flow inprover ng/L 300

i L - - - - 1 R E A +
;’:OONS(%ON iogto%%esmnﬁgn?gchl E E:?\rfﬁe:ﬁmgg/utes and 8t6her1y thn?e vehiocfeawarg ©

speeded up to 60 km/h over 15 seconds and driven at the
low speed. When defects in operation (hunting, stumble,
vehicle speed reduction or engine stop) were observed
while the vehicle was speeded up to 60 km/h and driven
at that speed for 20 minutes, the gas 0il composition
was evaluated as "Not passed" at this moment. If the
engine ran until the end without any defect, the gas
01l composition was evaluated as "Passed".
(Vehicle specification): Vehicle 1
Type of engine: in-line 4 cylinder intercooled
supercharged diesel engine with EGR
Displacement: 1.4 L
Internal diameter x stroke: 73 mm x 81.4 mm
Compression ratio: 18.5 (altered to 16.0)
Maximum output: 72 kW/4000 rpm
Adopted regulation: 2002 Exhaust Gas Emission
Regulation
Vehicle weight: 1060 kg
Transmission: 5-speed manual transmission
Exhaust-gas post-processing device: oxidation

catalyst
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N
(Exanple 3 and 4, and Conparative Exanple 2) Base oils with characteristics
set forth in Table 4 were blended to produce gas oil conpositions set forth
in Table 5 (Exarrpl es 3 and 4 and Conparative Exanple 2). FT synthetic base
oils 3 and 4 are hydrocar bon mxt u&gghwoduced by converting natural gas to

mtkall N £

wax Of ar—rrcreie—fr-aretrormr—ti UUUII r—reactrrpm, ot ng.
The r act | on condl tions for each FT synt hef i éxabase Di Exavigerd e ‘]S7n hetic
base syn‘ﬂ'!e{lcaqgse ol vaoc ot | 1= oereed uy =t bu'ln: T LafObU” p out
FT sy 'éF‘theﬁq_bage otfzmﬁ e uaoc o+ _ﬁ esti{ "G from=a _ eat Tr;nt146'\7h‘eﬁai n =
t oo 2y IR L prodEeeed S0 T pT GI,W ON—1SOTTet zattom—iFre 'll‘ gi‘rily-—hyt?-r-p-t—r-aat ed
base [chssTabi forvbl o Sial sy Vegktibiy O T oduTEp by Furtper—gydrptreatingl a gas
oil b Tﬁor\a’ﬁnédé% oyt o ther—reduce—the—sur Tt To—aron | C W"Lc ITL' s—Tre
pr oCeyses _ ! vepet a-},lac = |7§0a|| r 77|'J|v;IJCEd
by hy in%étﬁ?éc@i@wi mot+—(wihot Se Wycllt) us. s rnt:32 et 33 at—f o
renov FlasH Roint O ©1 grr substance—The troref IIELTséJ T TTE |JU||518> tTo] a
comme éﬂffﬂf?‘,cn%nt avdl T d.UTbr SN Zmag?ﬁmUl | 11 Ll|<-' S UbEd TI ad TIt @f Sgpason.
The 9SSy Rl Lonfe@TPOST 1T ONS Of  EXaNMLES,om and [t adg CO[TPargh! VE| EXGRRIE P were
pr oduged Dy DIemdi g T TESe T DaSEPloling pbit SU| L d8gs anmpuiygy 0T pst 119 gany| of
t he pase ‘0| | s as the whol el THQRidiIE terplltlrl VES g5t [ M 3395 EXapipes "pre as
O s e G Y 7
| 90% distilation temperature | | 3235 ) 3240 1 . 3245 ..
End point 359.0 355.5 369.0
CoP i (AL I 23 el 23 )32
mass % SR -3 N I 23 I R N2
............. CI7 a8 L3
............. C18 e 828
............. CICHNMNN IOUONEYNY SO XAONN  T I
C20 1.1 0.7 1.9
C20-C30P " 1.8 1.5 24
C20~-30 hydrocarbon content other than C20-30P massh 15 4.4 12.6
C20~C30P/C20~C30 hydrocarbon content other than C20-30P 0.24 0.34 0.19
Cetane index 72.0 69.6 85.7
Cetane number 65.5 64.0 80.9
Aromatic content vol. % <1 3.6 <1
Cloud point °C . ~17.0 ~19.0 -13.0
Cold filter plugging point °C ~28.0 -29.0 -17.0
Pour point °C ~35.0 -37.5 =225
Carbon residue content of 10% distillation residue = mass % 0.00 0.00 0.00
Peroxide number massyppm 0 15 1
Wear scar diameter (WS 1.4) tm 360 340 460
Insoluble content mg/100mL 0.1 0.1 0.7
Water content vol. ppm 19 2 47
Lubricity improver mg/L 150 150 -
Detergent mg/L ~ 100 -
Cold flow improver mg/L 300 300 300
Cetane number improver mg/L ~ - -
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follows: Lubricity inprover: InfineumR 655 manufactured by Infineum Japan
Ltd. (active conponent: straight-chain alkylester m xture containing a
fatty acid as the raw material, average nol ecular weight: 250 MAN

Det ergent: al kenyl succinimde m xture Cold flow inprover: Infineum R240
manuf actured by |Infineum Japan Ltd. (active conponent: ethyl ene-vinyl
acetate copolyner m xture, solvent: al kyl benzene) (nelting point: -50C or

| ower) In Exanple 3, additives were added through predeterm ned steps,
i.e., steps wherein the lubricity inprover was added and then sufficiently
m xed and forced-stirred, and the cold flow inprover was added and then
sufficiently mxed and forced-stirred. Also in Exanple 4, additives were
added through predeterm ned steps, i.e., steps wherein the lubricity

I Nproverps the tergent were added and then sufficiently m xed and
f orced- j iglrqd, a4 the cold flow i nprover was added and then sufficiently
m xed ar|d 8{848¢8d&4tirred. In Conparative Exanple 2, only the cold flow
inprover<M§s addee| 1t was confirned that -89 these additives used in these
exanpl edScqntlailnedlino solvent with a boiling point of 10C or hi gher.
P o
HEEEE
ﬁ a
® o
HEEEE
uxJ o
™
2 .
2 5189
- 2|57

Fuel consumption properties
|Low—temperature startability test

Vehicle exhaust gas
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Table 5 sets forth the blend ratio of the gas oil conpositions thus

prepared and the 15C density, 30C kinematic viscosity, flash point, sulfur
content, oxygen content, distillation characteristics, content of normnal
paraffins every carbon nunber (CnP), content of normal paraffins having 20
to 30 carbon atonms (C20-C30P), value determ ned by dividing the total
content of normal paraffins having 20 to 30 carbon atons by the total
content of hydrocarbons having 20 to 30 carbon atons other than the nornmal
paraffins, cetane index, cetane nunber, aromatic content, cloud point, *

cold filter_pl i ng_poj n}, u ojnt, ¢ n i dye ntent of the 10%
distill a¢i§%ﬁg‘ é?d%e,a%ldns%f u%?lec{ ((IC:)C(’)rrﬁ1 grﬁaig%gg‘peé o<§‘s<r|nj8<|“él % er after an
oxi dation st biligii%est scar . di anet er and w%ter content. _of each

, ar

conposi tion. 9 Flwtlf(ii:ﬁ‘f;&&at‘?%ﬂtﬁ@tf?ﬁcéxiﬁﬁl SRR AL akd e produced
by bl ending 60 _percent. by mass or nore of the FT synthetic base oils as set
forth it Y& % s en@ggr herP T 98 UG &idch i GATRBFE 15 0yasS F I T @BkPosi ti ons
satisfying the characteristics as defined herein were easily produced
wi t hout imiTabille BxafpradBlafd 34 anghef eRR d Heo PP adialt heei EXaBBlsi | s were
bl ended within -90 the range defined herein. On the other hand, as apparent
f rom Cordar at FVe sBxahpké 125 heee ahes Sorpodi ¢ arrdi U ywoto havddrhe
characteristics

mixtures produced by converting natural gas to wax or

a middle fraction through FT reaction, followed by

hydrotreating. The reaction conditions for each FT

synthetic base o0il varied. FT synthetic base o0il 3 is

a base oil produced by isomerization positively carried

out. FT synthetic base o0il 4 is a base 0il resulting

from a treatment wherein too much emphasis was not

placed on isomerization. The highly hydrotreated base

oil is a hydrocarbon base o0il produced by further

hydrotreating a gas o0il base 0il to further reduce the

sulfur and aromatic contents. The processed oil

derived from an animal or vegetable o0il is an oil

producea by hydrotreating palm oil (whole component)

used as the rawmaterial to remove the foreign substance.

The hydrorefined gas o0il corresponds to a commercially

available JIS No. 2 gas o0il which is used in a winter

season. The gas oil compositions of Examples 3 and 4

and Comparative Example 2 were produced by blending

these base oils in suitable amounts or using any of the

base 0ils as the whole.
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prescribed in the present invention or was not adm xed wth the
predeterm ned additives as defined in Steps 1 and 2 of the present
invention, the gas oil conpositions as intended by the present invention
was not produced. Next, the follow ng various tests were carried out using
the gas oil conpositions of Exanples 3 and 4 and Conparative Exanple 2. Al
results are set forth in Table 6. As apparent from Table 6, the gas oi
conpositions of Exanples 3 and 4 are those with environnent |oad reducing
properties, which are excellent in fuel consunption properties and

| owt enper at ur st il r i h | i tion of
Conparative Exgrkrlpﬁ Zééalair%:dl\%%ﬁs%ggr’%& E?lg\# %gg}el feygﬁgllgét hg?gggﬁé achi eve at a
hi gh Iev%g fé%%Llent fuel consunption properties and |owtenperature
startabilf%% fn~d winter season, that were difficult to achieve with the
conventional gas oil .conpositions. (Diesel comhustion test) The vehicle 1
descri bed abové&%dst G en”[hgirﬁ@’e%écﬁnga}sn%‘ilwngoﬁogiIF?BHtZﬁ]%EPr:f est node
shown in Fig. -91 1 to nmeasure NOx, snoke and fuel consunption. The

resul ts obtai n€¥ usTAdtHE HEIP3® BSvar ARFVe EXaRPI® OB Rdr'e defi ned as

100, and the results of the other_fuels were relatively eval uated by
conpari son wit®&height-chain alkylester mixture containing a

fatty acid as the raw material, average molecular

weight: 250 MW)

Detergent: alkenyl succinimide mixture

Cold flow improver: Infineum R240 manufactured by

Infineum Japan Ltd. (active component:

ethylene-vinyl acetate copolymer mixture,

solvent: alkylbenzene) (melting point: -50°C or
lower)

In Example 3, additives were added through
predetermined steps, i.e., steps wherein the lubricity
improver was added and then sufficiently mixed and
forced-stirred, and the cold flow improver was added
and then sufficiently mixed and forced-stirred. Also
in Example 4, additives were added through
predetermined steps, 1.e., steps wherein the lubricity
improver and the detergent were added and then
sufficiently mixed and forced-stirred, and the cold
flow improver was added and then sufficiently mixed and
forced-stirred. 1In Comparative Example 2, only the

cold flow improver was added. It was confirmed that
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results of Conparative Exanple 2 (smaller values indicate better results).
(Lowtenperature startability test) Using the vehicle 1 and on a chassis
dynanonmet er capable of controlling the environnent tenperature, each of
the gas oil conpositions was subjected to a test carried out at room
tenperature by (1) flashing (washing) the fuel systemof a test diesel
vehicle with a fuel to be evaluated; (2) draining out the flashing fuel;
(3) replacing the main filter with new one; and (4) feeding the fuel tank
with the fuel to be evaluated in a specific amount (1/2 of the tank vol une”

of (e testosehiglak.; Jhe Leatvas, santiaued, bro(D. cgghing, ,capidly the

envi ronment “tenperature fromToon tenperature rﬁfthe
tenmperature_at -15C for_ one .houyr; &)7 , cooling gradually at a rate of 1C/h
till reachPhy Sttt He Gt e%leEé) i hed %Fapﬁelgf-%ZB‘tﬁ ; Xér‘?&‘?@) starting the
engine after the tenperature was kept at_ the predeterm ned tenperature for
one hour. If tHe2BAG ReSAS nb? rétatth @eheart 6t 10 écbh® Gank?hd was
repeated twice at an interval -92 of 30 seconds, the fuel was evaluated as
"Not passedmpcithios sronens. Prferheeenginte Start éd Ouddes 10 ysecbhdC
cranking was repeated twice at an interval of 30 seconds, it was idled for
3 m nut eskaneémntaenct vel yehisdltey mas 1 aspeeded rup, t e UGl knt lkcovieents seconds
and driven at the

oxygen content, distillation characteristics, content

of normal paraffins every carbon number (CnP), content

of normal paraffins having 20 to 30 carbon atoms

(C20-C30P), value determined by dividing the total

content.of normal paraffins having 20 to 30 carbon atoms

by the total content of hydrocarbons having 20 to 30

carbon atoms other than the normal paraffins, cetane

index, cetane number, aromatic content, cloud point,

cold filter plugging point, pour point, carbon residue

content of the 10% distillation residue, insoluble

content and peroxide number after an oxidation

stability test, wear scar diameter and water content

of each composition.

The gas o0il composition used in Examples 3 and 4

were produced by blending 60 percent by mass or more

of the IFT synthetic base o0ils as set forth in Table 5.

Further, as apparent from Table 5, gas oil compositions

satisfying the characteristics as defined herein were

easily produced without fail, in Examples 3 and 4

wherein the FT synthetic base 0ils were blended within
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| ow speed. When defects in operation (hunting, stunmble, vehicle speed
reduction or engine stop) were observed while the vehicle was speeded up to
60 kmih and driven at that speed for 20 mnutes, the gas oil conposition
was eval uated as "Not passed” at this nonent. If the engine ran until the
end wi thout any defect, the gas oil conposition was eval uated as "Passed".
-93 C y3NNDb S'SE m o-m mmENNN i covwwNN N >0 m
O NNLL9. Owt--NN 29 Cm~" NN~ S6 ULg.q0 -0N

the range defined herein. On the other hand, as
apparent from Comparative Example 2, where the
composition did not have the characteristics
prescribed in the present invention or was not admixed
with the predetermined additives as defined in Steps
1 and 2 of the present invention, the gas oil
compositions as intended by the present invention was
not produced.

Next, the following various tests were carried out
using the gas o0il compositions of Examples 3 and 4 and
Comparative Example 2. All results are set forth in
Table 6. As apparent from Table 6, the gas oil
compositions of Examples 3 and 4 are those with
environment load reducing properties, which are
excellent in fuel consumption properties and
low-temperature startability, compared with the gas
0il composition of Comparative Example 2 and thus are
high quality fuels that can achieve at a high level
excellent fuel consumption properties and
low-temperature startability in a winter season, that
were difficult to achieve with the conventional gas oil
compositions.

(Diesel combustion test)
The vehicle 1 described above was driven using

each gas 0i1l composition under a test mode shown in Fig.
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1 to measure NOx, smoke and fuel consumption. The

results obtained using the fuel in Comparative Example
2 were defined as 100, and the results of the other fuels
were relatively evaluated by comparison with the
results of Comparative Example 2 (smaller values
indicate better results).

(Low-temperature startability test)

Using the vehicle 1 and on a chassis dynamometer
capable of controlling the environment temperature,
each of the gas 0il compositions was subjected to a test
carried out at room temperature by (1) flashing
(washing) the fuel system of a test diesel vehicle with
a fuel to be evaluated; (2) draining out the flashing
fuel; (3) replacing the main filter with new one; and
(4) feeding the fuel tank with the fuel to be evaluated
in a specific amount (1/2 of the tank volume of the test
vehicle). The test was continued by (5) cooling
rapidly the environment temperature from room
temperature to -15°C; (6) keeping the temperature at
-15°C for one hour; (7) cooling gradually at a rate of
1°C/h till reaching to the predetermined temperature
(-25°C); and (8) starting the engine after the
temperature was kept at the predetermined temperature
for one hour. If the engine did not start even after

10 second cranking was repeated twice at an interval
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Tabl e 5 Exanple 3 Exanple 4 Conparative Exanple 2 FT synthetic base oil 3
100 60 FT synthetic base oil 4 100 Hi ghly hydrogenated processed oil 10
Processed oil derived fromanimal or vegetable oil 10 Hydrorefined gas oil
20 Density (15C) kg/rti 782 792 771 Kinematic viscosity (30C) W 3.2 3.2
2.8 Flash point C 60 58 58 Sulfur content mass ppm <1l <1 <1 Oxygen
content mass ppm <10 <10 120 Initial boiling point 155.5 161.0 171.0
Distillation 10% distillation tenperature 189.5 196.5 217.0
characteristics C 50%distillation terrperature 247.0 - 256.0 264. 0 90% . is
di still aPifor Ot srfpep afsre 398 Bugdqavg AV sluated as “Not passed

nmass @6021 D.7 1 1 1. 5 --------------------------------------------
-------- eranking.was.repeated twice.at an interfal. of(B@L EFotbdl, --.
..................... 023 ------------ ,.....03.. .. . .. _.0.30.7 024
0.2 0.2 0t3was idled for 3 minutes and then the vehlcle was

speeded up to 60 km/h over 15 seconds and driven at the

low speed. When defects in operation (hunting, stumble,

vehicle speed reduction or engine stop) were observed

while the vehicle was speeded up to 60 km/h and driven

at that speed for 20 minutes, the gas o0il composition

was evaluated as "Not passed" at this moment. If the

engine ran until the end without any defect, the gas

0il composition was evaluated as "Passed".
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025 0.1 0.1 02 C20-030P 2.9 3.9 5.7 C20-30 hydrocarbon content other than
020- 30P nmass% 10.7 10.8 30.0 C20- C30P/ 020- C30 hydrocarbon content ot her

t han C20-30P 0.27 0.36 0.19 Cetane index 70.8 70.8 85.7 Cetane nunber 65.5
64.0 80.9 Aromatic content vol. %<1 3.6 <1 Cdoud paint C-17.0 -11.0
-13.0 Cold fiker plugging point C-27.0 -25.0 -17.0 Pour point C-35.0 -
-30.Q -22.5 Carbon residue content of 10% distillation residue nass % 0. 00
0.00 0.00 Peroxide nunmber nast', PPM O 13 1 Wer scar dianmeter (W5 1.4) um
350 330 460 |Insoluble content ng/100m. 0.1 0.1 0.6 Water content vol. ppm-
12 19 32 Lubricity inprover ng/L 150 150 - Detergent ng/L - 100 - Cold fl ow

i nproven nog L 01130 15D | Cgtane nunber inprover ng/L - - - -95 > NO A m
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. Table 5
Example 3 Example 4 CE)Z'::::\ZIG
. FT synthetic base oil 3 100 60
FT synthetic base oil 4 100
Highly hydrogenated processed oil . 10
Processed oil derived from animal or vegetable oil 10
Hydrorefined gas oil 20
Density (15°C) ke/mi 782 792 771
Kinematic viscosity (30°C) mil/s 3.2 3.2 2.8
Flash point °C 60 58 58
Sulfur content mass ppm <1 <1 <1
Oxygen content mass ppm <10 <10 120
’ ______Initial boiling point | 15855 | 1610 [ 17110
_ 10% distillation temperature | 189.5 | 1 1965 | 2170
Distlation L e S TG
characteristics °C ~ Jeooul Lol Lt e e b S e e
_90% distillation temperature | 3235  1...3240 1. 3245 ..
End point 358.0 355.5 369.0
. R TR R S T I
mass¥ ] 22N 07 .| (I N 15 ...
_____________ Gag LT T e T T T
_____________ G2 LT T e T T ey
_____________ caq N o2 ea 108
C25 0.1 01 0.2
C20-C30P 2.9 .39 5.7
C20-30 hydrocarbon content other than C20-30P mass%h 10.7 10.8 30.0
C20-C30P/G20-C30 hydrocarbon content other than C20-30P 0.27 0.36 0.19
Cetane index 70.8 70.8 85.7
Cetane number 65.5 64.0 80.9
Aromatic content vol. % <1 . 3.6 <1
Cloud point °C -17.0 -11.0 -13.0
Cold filter plugging point _ °C -27.0 -25.0 -17.0
Pour point °c -35.0 -30.0, -22.5
Carbon residue content of 10% distillation residue mass % 0.00 0.00 0.00
Peroxide number mass: ppm 0 13 1
Wear scar diameter (WS 1.4) im 350 330 460
Insoluble content mg/100mL 0.1 0.1 0.6
Water content ' vol. ppm 12 19 32
Lubricity improver mg/L 150 150 -
Detergent mg/L - 100 -
Cold flow improver . mg/L 150 150 150
Cetane number improver mg/L - - -
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, 00 mo>ET@y ci L L v33 -96 (Exanple 5 and 6, and Conparative
Exanpl e 3) Base oils with characteristics set forth in Table 7 were bl ended
to produce gas oil conpositions set forth in Table 8 (Exanples 5 and 6 and
Conparative Exanple 3). FT synthetic base oils 5 and 6 are hydrocarbon

m xtures produced by converting natural gas to wax or a mddle fraction

t hrough FT reaction, followed by hydrotreating. The reaction conditions for
each FT synthetic base oil varied. FT synthetic base oil 5 is a base oi
produced by isonerization positively carried out. FT synthetic base oil 6
is a base oil resulting froma treatnent wherein too nuch enphasi s was not
pl aced on isonerization. The highly hydrotreated base oil is a hydrocarbon
base oil produced by further hydrotreating a gas oil base oil to further
reduce the sulfur and aromatic contents. The processed oil derived from an

-

animal or vegetable oil is an oil produced by hydrotreating pal moil (whole
conponent) used as the raw nmaterial to renove the foreign substance. The
hydr or ef$ Qd gPs g*l corresponds to a commercially available JIS No. 2 gas
. g A :
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season. The gas oil conpositions of Exanples 5 and 6 and Conparative
Exanpl e 3 were produced by blending these base oils in suitable anounts or
using any of the base oils as the whole. -97 The additives used in these
exanples are as follows: Lubricity inprover: Infineum R 655 manufactured

by I nfineum Japan Ltd. (active conponent: straight-chain alkylester mxture
containing a fatty acid as the raw material, average nol ecul ar weight: 250
MA Detergent: al kenyl succinimde mxture Cold flow inprover: Infineum R240
manuf actured by |Infineum Japan Ltd. (active conponent: ethyl ene-vinyl

acetate c r. m re,. s . al e | 11 oint: -50C or

| oner) | n‘%%%gﬁéa ?X%g‘&l t6|Vegh\\;‘z%oggéggﬁ)ﬁpéug?a%ggﬁa;ggmpnled st eps,
i.e., steps wherein the |ubrici i npraover, was added and t hen f.ficientl
ni xed andIO for%@cﬁ%tqlrfﬁd",’lgﬁldch%%gpﬁrﬁ%Wﬁ‘?plsgve(r%ov\%shaﬁaerggéLr?d t hen y
sufficiently mxed and forced-stirred. Also in Exanple 6, agd%tiv%f wer e
added t hr'oliGH © BrieRE &Ant R SOM5S 22 01 LiGHLP Rifdret ANEh&SFubPiEdilt y

i nprover and the detergent were added and then_ sufficiently m xed and
f(ﬂced-sﬁﬁr%ﬂplﬁwﬁth X@gigiles 5 and 6 and Comparative "Example

3). FT synthetic base o0ils 5 and 6 are hydrocarbon
mixtures produced by converting natural gas to wax or
a middle fraction through FT reaction, followed by
hydrotreating. The reaction conditions for each FT
synthetic base o0il varied. FT synthetic base o0il 5 is
a base 0il produced by isomerization positively carried
out. FT synthetic base o0il 6 is a base 0il resulting
from a treatment wherein too much emphasis was not
placed on isomerization. The highly hydrotreated base
oil is a hydrocarbon base o0il produced by further
hydrotreating a gas oil base 0il to further reduce the
sulfur and aromatic contents. The processed oil
derived from an animal or vegetable o0il is an oil
produced by hydrotreating palm oil (whole component)
used as the rawmaterial to remove the foreign substance.
The hydrorefined gas oil corresponds to a commercially
available JIS No. 2 gas o0il which is used in a winter
season. The gas o0il compositions of Examples 5 and 6
and Comparative Example 3 were produced by blending
these base oils in suitable amounts or using any of the

base o0ils as the whole.
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N

flow i nprover was added and then sufficiently m xed and forced-stirred. In
Conparative Exanple 3, only the cold flow inprover was added. It was
confirmed that -98 these additives used in these exanples contained no
solvent with a boiling point of 10C or higher. Table 8 sets forth the bl end
ratio of the gas oil conpositions thus prepared and the 15C density, 30C -
ki nematic viscosity, flash point, sulfur content, oxygen content,
distillation characteristics, content of nornmal paraffins every carbon
nunber (CnP), content of normal paraffins having 20 to 30 carbon atons -
(C20- C30P), value determned by dividing the total content of normnal

par af fi ns havi nfshﬁoatdcfgj?ﬁlé’frsooﬂsﬁtdorfsn by @He E&EHIP £6A/t &€ of Shydr ocar bons
having 20 to 30 carbon atons other than the normal paraffins, cetane

i ndex, cet@hd Hifrber, aromatic content, cloud point, cold filter plugging
poi nt, pour point, carbon residue content of the 10%distillation residue,

i nsol ubl e contlewb ramfdl per dRicdeC naerl af  8e Udh Bxp 8at remueghiureyd test,
wear scar dianeter and water content of each conposition. The gas oi

conposi ti on usedyi i nExanphes Hapad 6.taer € grotdueed daypbhedi ng 60 percent
by mass or nore of the FT synthetic base oils as set forth in Table 8.
Further, as appateati Jiiorchahle 8.1 kgase sitle canpasiddt ®nsonsad i afiviqigat he

characteristics as defined herein were

fatty acid as the raw material, average molecular

weight: 250 MW)

Detergent: alkenyl succinimide mixture

Cold flow improver: Infineum R240 manufactured by

Infineum Japan Ltd. (active component:

ethylene-vinyl acetate copolymer mixture,

solvent: alkylbenzene) (melting point: -50°C or
lower)

In Example 5, additives were added through
predetermined steps, i.e., steps wherein the lubricity
improver was added and then sufficiently mixed and
forced-stirred, and the cold flow improver was added
and then sufficiently mixed and forced-stirred. Also
in Example 6, additives were added through
predetermined steps, i.e., steps wherein the lubricity
improver and the detergent were added and then
sufficiently mixed and forced-stirred, and the cold
flow improver was added and then sufficiently mixed and
forced-stirred. 1In Comparative Example 3, only the

cold flow improver was added. It was confirmed that
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easily produced without fail, in Exanples 5 and 6 wherein the FT synthetic
base oils were blended within -99 the range defined herein. On the other
hand, as apparent from Conparative Exanple 3, where the conposition did
not have the characteristics prescribed in the present invention or was not
adm xed wth the predeterm ned additives as defined in Steps 1 and 2 of
the present invention, the gas oil conpositions as intended by the present
invention was not produced. Next, the follow ng various tests were carried
out using the gas oil conpositions of Exanples 5 and 6 and Conparative
exanpl e 3oLl epbl LS e 8k d o et s Jalkan1 68 appatant ddompTabl e 9,
the gas oil conpositions of anples 5 and 6 are those with environnent
| oad reduci roperties i.ch are cel | ent, d fai~f tion

SO YRy »‘fl}h 5 %@lﬁl@apo%fi %)&’; 1491 ugl YR

properti €s an OW- tenperature tabi , conpared w e gas Oi
conposi tion of arativ and .t hus are ., hi gual ity fuels that
can achi eve atTgﬁﬂfﬁhglﬁ$gfﬁﬁgggéﬁlgﬁﬁ %ﬂé?nioﬁggﬁp f%ﬂ %ﬁ%p%?%iégﬁﬁnd

| ow-t enperature startabilit ina.mrlerseaon,%pg were difficult to
achi eve Wi PRPPRd cbABENtigHAIPHEE T 2BAPSSI® itonst EBITsset Yeorbust i on

test) The vehicle 1 described above was driven usin%
kinematic viscosity, flash point, sulTur content,

oxygen content, distillation characteristics, content
of normal paraffins every carbon number (CnP), content
of normal paraffins having 20 to 30 carbon atoms
(C20-C30P), value determined by dividing the total
content of normal paraffins having 20 to 30 carbon atoms
by the total content of hydrocarbons having 20 to 30
carbon atoms other than the normal paraffins, cetane
index, cetane number, aromatic content, cloud point,
cold filter plugging point, pour point, carbon residue
content of the 10% distillation residue, insoluble
content and peroxide number after an oxidation
stability test, wear scar diameter and water content
of each composition.

The gas 0il composition used in Examples 5 and 6
were produced by blending 60 percent by mass or more
of the FT synthetic base oils as set forth in Table 8.
Further, as apparent from Table 8, gas 0oil compositions
satisfying the characteristics as defined herein were
easily produced without fail, in Examples 5 and 6

wherein the FT synthetic base oils were blended within

_99._



each gas oil conposition under a test node shown in Fig. -100 1 to neasure
NOx, snoke and fuel consunption. The results using the fuel in Conparative
Exanple 3 were defined as 100, and the results of the other fuels were
relatively evaluated by conparison with the results of Conparative Exanple
3 (smaller values indicate better results). (Lowtenperature startability -
test) Using the vehicle 1 and on a chassis dynanoneter capable of
controlling the environnent tenperature, each of the gas oil conpositions
was subjected to a test carried out at roon1tenperature by (1) flashing

(mashlng) e fue o SYX f t die hicle wt a fuel to be
eval uate 2)radlr i n%éngfe%gdt %eefggghl ng%anfﬁgll ?%Slefe e fjng %%e main
filter mnth new one; %8@ eedi ng the fue]a g th the fuel to be
evmtw1e§pPﬁ5f%$eéFPQ:% ﬁriiff %ﬂ@& hk>vol rqu t est
vehicle) . The test was_continued cooling rapidly the environnent
t enper at UF@PPSH T bBM Q%QpéﬁﬂLﬁévﬁotQ%CCW%ﬁaﬁééﬁ%ﬁt%ﬁétenpemﬂureaﬂ
-15C for one hour; (7) cooling gradually at a rate of 1C/ h till reaching to
t he predeméemcwdwérrp@rab@@re(sgae) ingrpin 8P nsodi tWag) nhe edgiimecdfter the
tenperature was kept at the predeterm ned tenperature for one hour. If the
engi ne diwihbt tdtaarp reveat afmémed Oadddondv esamld nde flas adpeat €ddmsce at an
i nterval

1 and 2 of the present invention, the gas oil

compositions as intended by the present invention was

not produced.

Next, the following various tests were carried out

using the gas o0il compositions of Examples 5 and 6 and

Comparative Example 3. All results are set forth in

Table 9. As apparent from Table 9, the gas o0il

compositions of Examples 5 and 6 are those with

environment load reducing properties, which are

excellent in fuel consumption properties and

low-temperature startability, compared with the gas

01l composition of Comparative Example 3 and thus are

high quality fuels that can achieve at a high level

excellent fuel consumption properties and

low-temperature startability in a winter season, that

were difficult to achieve with the conventional gas oil

compositions.

(Diesel combustion test)

The vehicle 1 described above was driven using

each gas 0il composition under a test mode shown in Fig.
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-101 of 30 seconds, the fuel was evaluated as "Not passed" at this nonent.
If the engine started while 10 second cranking was repeated twi ce at an
interval of 30 seconds, it was idled for 3 mnutes and then the vehicle was
speeded up to 60 knih over 15 seconds and driven at the |ow speed. Wen
defects in operation (hunting, stunble, vehicle speed reduction or engine
stop) were observed while the vehicle was speeded up to 60 knih and driven
at that speed for 20 minutes, the gas oil conposition was evaluated as "Not
passed” at this nonent. If the engine ran until the end w thout any defect,
the gas 1otb aM@Pesird anowas HAvakdatsatd agu'eRassed'sumdf2om.o0 @he. O amm
nv. y mN Nt7 oEo0oO0 m>ECY/N lico [ py NN. N QO>YmL mw
~ 01 Geselt&MisYn@ cdnd @fuel in Comparative Example 3 were

defined as 100, and the results of the other fuels were
relatively evaluated by comparison with the results of
Comparative Example 3 (smaller values indicate better
results).

(Low~-temperature startability test)

Using the vehicle 1 and on a chassis dynamometer
capable of controlling the environment temperature,
each of the gas 0il compositions wassubjectedto a test
carried out at room temperature by (1) flashing
(washing) the fuel system of a test diesel vehicle with
a fuel to be evaluated; (2) draining out the flashing
fuel; (3) replacing the main filter with new one; and
(4) feeding the fuel tank with the fuel to be evaluated
in a specific amount (1/2 of the tank volume of the test
vehicle). The test was continued by (5) cooling
rapidly the environment temperature from room
temperature to -15°C; (6) keeping the temperature at
-15°C for one hour; (7) cooling gradually at a rate of
1°C/h till reaching to the predetermined temperature
(-25°C); and (8) starting the engine after the
temperature was kept at the predetermined temperature
for one hour. If the engine did not start even after

10 second cranking was repeated twice at an interval
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of 30 seconds, the fuel was evaluated as “Not passed”

at this moment. If the engine started while 10 second
cranking was repeated twice at an interval of 30 seconds,
it was idled for 3 minutes and then the vehicle was

speeded up to 60 km/h over 15 seconds and driven at the
low speed. When defects in operation (hunting, stumble,
vehicle speed reduction or engine stop) were observed
while the vehicle was speeded up to 60 km/h and driven
at that speed for 20 minutes, the gas o0il composition
was evaluated as "Not passed" at this moment. If the
engine ran until the end without any defect, the gas

0il composition was evaluated as "Passed".
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O'" 0O 0icdo OyucC '~-Yamt UCc ryamH+ U E=0T .2 mYCL3 O
O o0 N -103 Table 8 Exanple 5 Exanple 6 Conparative Exanple 3 FT synthetic
base oil 5 100 60 FT synthetic base oil 6 100 Hi ghly hydrogenated processed
@il 10 Processed oil derived fromaniml or vegetable oil 10 Hydrorefined
gas oil 20 Density (15C) kg/rd 786 793 782 Kinematic viscosity (30C) W 3.2
3.3 4.0 Flash point C64 62 71 Sulfur content mass ppm <1l <1 <1 xygen
content nmass ppm <10 <10 120
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Initial boiling point 181.0 178.5 175.5
................................................................... 10%
distillation tenmperature ----- 275, 15 196. 5. 229.0 Distillation 50%
distillation tenperature 2755 256, 0 2B & char act er st cs C
St Li.xa ¢ 1 do@pEpeNeal Ur e
8 3 Example 3
........ . 100,
p2 310 .
.10,
...... Hydrorefinedgas 0oi23 Q 7 2. 6 - - - - - R 20
______ Density 05°8) ke/p O G786 793 782
_______ Kinematic viscosity (30°C) mii/s 3.2 3.3 C2800.110. 1
1.9 OXfesiopp 4.8 5.9 3 1 (024- 025) 24 0.5 0 86 0 p7 62 n
...... Sulfur content so--o - (022-023%3seem 0 4480 4810 16 (€D0-0P1)/€b0 0] 19
0.12 - (om@nepBnt30 hydrocarbon cont ®ase et her §han<i@20- ROP f#ssoq 15 B015
16.3 §20- C30P/ C20- C30 hydr odar binte! bofipansint _of hed8han|0288%0p . p..3175_39] 0. 19
Cet ane |hafe%, 79.0 68.5 91. 6 |10k distilation temperature | | 2005 | . 196.5. L. 2290 .
. 50% distillation temperature 275.5 256.0 299.0
characteristics °C = [|-aaiiolltT St e ) EETEE Lyt PP TPt AR 4 ----------------
90k distillation temperature | | 3290 | ...3235 __|... 3395 ..
End point 359.0 358.5 369.0
o oo 18 ... 7132
messh . o2 ___...|..... 13 . 15 ]34 .
............. 27 NN OO X N TN X
............. Gad T T e e T T
............. 7SS OO Y Y SO0 T I
C25 0.1 0.1 1.9
C20-C30P 4.8 59 3.1
(C24-C25)/C24 .L,Los50 075 | | 027 .
(C22-C23)/C22 ... 044 1 042 | | 0.16 .
(C20-C21)/C20 0.19 0.12 -0.06
C20-30 hydrocarbon content other than C20~30P massh 15.5 15.1 16.3
C20-G30P/C20-C30 hydrocarbon content other than C20~-30P 0.31 0.39 0.19
Cetane index 79.0 68.5 91.6
Cetane number 67.8 68.3 80.9
Aromatic content vol. % <1 36 - <1
Cloud point C -5.0 -7.0 -3.0
Cold filter plugging point ol -13.0 -12.0 -4.0
Pour point c =175 -175 -5.0
_|Carbon residue content of 10% distillation residue = mass % 0.00 0.00 0.00
Peroxide number mass ppm 1 12 2
Wear scar diameter (WS 1.4) tm 360 360 460
Insoluble content mg/100mL 0.1 0.1 0.7
Water content vol. ppm 18 18 47
Lubricity improver mg/L 150 150" -
Detergent mg/L - 100 -
Cold flow improver mg/L 150 150 150
Cetane number improver mg/L - ~ -
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Cet ane nunber 67.8 68.3 80.9 Aromatic content vol. %<1 3.6 <1 C oud point
C-5.0-7.0-3.0 Cold filter plugging point -13.0 -12.0 -4.0 ir, Pour point
00 -17.5 -17.5 -5.0 Carbon residue content of 10%distillation residue nass
% 0.00 0.00 0.00 Peroxide nunber mass ppm 1 12 2 War scar diameter (W5

1.4) w 360 360 460 |Insoluble content ng/100nL 0.1 0.1 0.7 Water content

vol. ppm 18 18 47 Lubricity inprover ng/L 150 150" - Detergent ng/L - 100 -
Cold flow inprover ng/L 150 150 150 Cetane nunber inprover ng/L - - - -104
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scription of the Draw ng]

[Brief Description of the Drawing]
Fig. 1 is a diagram illustrating a over driving

mode simulating a real run.
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Fig. 1 is a diagramillustrating a over driving node sinulating a real run.
-106 ... ... Clains 1. A gas oil conposition conprising a gas oi
conposition selected fromthe group consisting of the follow ng gas oi
conpositions (A to (C) and additives added in accordance with the
“ollowing Steps 1 and 2: [I] gas oil conpositions (A) conprising an FT
synthetic base oil in an anount of 60 percent by volunme or nore on the
basis of the total anmopunt of the gas oil conposition, with a sulfur content
of 5 ppmby nmass or less, an aronmatic content of 10 percent by vol une or

| ess, an oxygen content of 100 ppnroeiless, a density of 760 kg/ n8 or
greater and 840 kg/nB or less, a 90% distillation tenperature of 280C or

hi gher and 330C or |ower and an end point of 360C or lower in distillation
characteristics, an insoluble content after an oxidation stability test of

0.5 ngy/ 100 nL pr  Aess,s ?gitlF%%I}{\ﬁlggistcfgndi £ sGWRL- 4) fof s 499 1pm or

snal ler, a cloud point of -15C or [ower, a cold filter” plugging point of
L2507 (oW P TR APLEL B RO SNt Rl soanemegt nor e
val ue det gqiined, by divl dingothis, £ 9Ll SONENt: O (o PUAE!a #ALR108 having
added in accordance with the following Steps 1 and 2:
[I] gas 0il compositions (A) comprising an FT synthetic
base 0il in an amount of 60 percent by volume or more
on the basis of the total amount of the gas o0il
composition, with a sulfur content of 5 ppm by mass or
less, an aromatic content of 10 percent by volume or
less, an oxygen content of 100 ppm or less, a density
of 760 kg/m3 or greater and 840 kg/m3 or less, a 90%
distillation temperature of 280°C or higher and 330°C
or lower and an end point of 360°C or lower in
distillation characteristics, an insoluble content
after an oxidation stability test of 0.5 mg/100 mL or
less, an HFRR wear scar diameter (WS1.4) of 400 um or
smaller, a cloud point of -15°C or lower, a cold filter
plugging point of -25°C or lower, a pour point of -32.5°C
or lower, a total content of normal paraffins having
20 to 30 carbon atoms of less than 2 percent by mass,
a value determined by dividing the total content of

normal paraffins having 20 to 30 carbon atoms by the

total content of hydrocarbons having 20 to 30 carbon
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total content of hydrocarbons having 20 to 30 carbon -107 atons ot her than
the normal paraffins of 0.2 or greater and 0.6 or less, and a rel ati
the content of each of normal paraffins (CnP) having 15 to 20 carbon atons

on in

defined by C20P<Cl19P<C18P<Cl7P<Cl6P<C15P; [IIll gas oil conpositions (B)
conprising an FT synthetic base oil in an anount of 60 percent by vol une
or nore on the basis of the total anobunt of the gas oil . conposition, with a

sul fur content of 5 ppmby nass or |ess, an aromatic content of 10 percent
by volune or |ess, an oxygen content of 100 ppmor |less, a density

kg/ N8B OF QyeakEr o8RG B4 K/ MBe 0k ok @gsl pﬁal_gg%fﬂ'l§tdf|(ﬁt20<5‘rt§£@%rt3éf”e of

280C or

hi gher and 350C or |ower and an end point of 360C or | ower |

of 760

n

distillat laqndc@a@aetrerllesgégsan@nal Replybhe foniente abharean o¥i daldin

stability test of O nL or |ess,

of 400 pmay p spRL; %)6%%%% PR O &l%grlgoxegk_)goa colgofi Lig

pl uggi ng p0|nt

ower , UI’ pol n

R wear scar di amster (WB1. 4)

ovver H% ot al

mos or moILLARAY [eke o] <§?é£“<2%%§9<tﬁnig<‘¢%é’€§f:3 AE of 2 percent by

di vi di ng the ot al confﬁent of nornpl paraffins havin 20 to 30 carbon atons

by the totldt!eodeht©d

than the normal paraffins of 0.2 or greater and 0.6 or |ess,

synthetic base 0il in an amount of 60 percent by volume
or more on the basis of the total amount of the gas oil
composition, with a sulfur content of 5 ppm by mass or
less, an aromatic content of 10 percent by volume or
less, ah oxygen content of 100 ppm or less, a density
of 760 kg/m3 or greater and 840 kg/m3 or less, a 90%
distillation temperature of 280°C or higher and 350°C
or lower and an end point of 360°C or lower in
distillation characteristics, an insoluble content
after an oxidation stability test of 0.5 mg/100 mL or
less, an HFRR wear scar diameter (WS1.4) of 400 um or
smaller, a cloud point of -5°C or lower, a cold filter
plugging point of -20°C or lower, a pour point of -25°C
or lower, a total content of normal paraffins having
20 to 30 carbon atoms of 2 percent by mass or more and
less than 4 percent by mass, a value determined by
dividing the total content of normal paraffins having
20 to 30 carbon atoms by the total content of
hydrocarbons having 20 to 30 carbon atoms other than

the normal paraffins of 0.2 or greater and 0.6 or less,
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-108 and a relation in the content of each of normal paraffins (CnP) having
20 to 25 carbon atonms defined by C20P>C2l P>C22P>C23P>C24P>C25P; and [111]

gas oil conpositions (C) conprising an FT synthetic base oil in an anpount
of 60 percent by volume or nore on the basis of the total amount of the gas
oil conmposition, with a sulfur content of 5 ppmby nass or |ess, an

aromati c content of 10 percent by volune or |ess, an oxygen content of 100
ppmor |ess, a density of 760 kg/nB or greater and 840 kg/nB or less, a 90%
distillation tenperature of 280C or higher and 350C or |ower and an end

poi nt of a3ehe be liadwedniin dilst iddrat ot chazacher 1 ¢ E8 2 larainwbf iiblSe cont ent
after an oxidation stability test of 0.5 ng/100 nL or I|ess, an HFRR wear
scar di anetreP) (W8 Ungof M0OoptSorca shmin extcascldafiipaatbyf -3C or | ower,

a cold filter plugging point of -10C or |ower, a pour point of -12.5C or

| ower, ad2olRbCceqrren 2@H @B reic papathisrs; hawiang 20 to 30 carbon atons of
4 percent by mass or nore and |ess than 6 percent by mass, a val ue

determ ngd by diad dbng thempekalt Lonkentc pf coarg®d sparafdhngthaving 20 to
30 carbon atons by the total content of hydrocarbons having 20 to 30 carbon

atoms ot hern {Rar i d g oraeh parghi hpg At G 2 06 gEerlslt Qg‘goxgoﬁuﬁlre I ess,

and relati‘ons in the content of each of nornal paraffins

or more on the basis of the total amount of the gas oil
composition, with a sulfur content of 5 ppm by mass or
less, an aromatic content of 10 percent by volume or
less, an oxygen content of 100 ppm or less, a‘density
of 760 kg/m3 or greater and 840 kg/m® or less, a 90%
distillation temperature of 280°C or higher and 350°C
or lower and an end point of 360°C or lower in
distillation characteristics, an insoluble content
after an oxidation stability test of 0.5 mg/lOO mL or
less, an HFRR wear scar diameter (WS1.4) of 400 um or
smaller, a cloud point of -3°C or lower, a cold filter
plugging point of -10°C or lower, a pour point of -12.5°C
or lower, a total content of normal paraffins having
20 to 30 carbon atoms of 4 percent by mass or more and
less than 6 percent by mass, a value determined by
dividing the total content of normal paraffins having
20 to 30 carbon atoms by the total content of
hydrocarbons having 20 to 30 carbon atoms other than
the normal paraffins of 0.2 or greater and 0.6 or less,

and relations in the content of each of normal paraffins
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(CnP) having 20 to 25 carbon atons defined by C20P>C21P>C22P>C23P>C24P>C25P
and (C24P- C25P)/ C24P>( C22P- C23P) / C22P>( C20P- C21P)/ C20P; (Step 1) a

| ubricity inprover conprising a fatty acid and/or a fatty acid ester is

adm xed in an amount of 20 ng/L or nore and 300 ng/L or less in terns of
the active conponent with the gas oil conposition by |[|ine-Dblending, ®
forced-stirring or leaving to stand for a sufficient tine; and (Step 2) a
cold flow i nprover conprising an ethylene vinyl acetate copolynmer and/or a,
compound with a surface active effect is adm xed in an amount of 20 ng/L

or nore andn¥000n a®/iln Probesso | Ast iBp 8h tdeoRst igeer i garponent with the gas
oil conposition by line-blending, forced-stirring or leaving to stand for a

sufficien@FO%Ln§21§>ﬁﬁp§Pg@§Gp@;ngqpﬂﬁbggng§§cording to claim1, wherein

the gas oil conmposition 1s adm xed w L or nore and 500 ng/L or
| ess of a, det o] AN} p her } 0 , | ybut enyl
anmne co egljlﬁ%g@g% Pél@%é?%ﬁ%%?ﬁa%%g%&gr?p%%g? %@nﬁi}% %269% Og]%’cci ni m de

compound by e lend g, (prestistipelns Shaleaig Lossiand o

ot Comxg%g/g}agc%ggg g%fﬁeggkér is admixed in an amount of
20 mg/L or more and 300 mg/L or less in terms of the
active component with the gas o0il composition by
line-blending, forced-stirring or leaving to stand for
a sufficient time; and
(Step 25 a cold flow improver comprising an ethylene
vinyl acetate copolymer and/or a compound with a
surface active effect is admixed in an amount of 20 mg/L
or more and 1000 mg/L or less in terms of the active
componehtvﬁjﬂlthegas(oilcompositionknzline—blending,

forced-stirring or leaving to stand for a sufficient

time.

2. The gas o0il composition according to claim 1,
wherein the gas 0il composition is admixed with 200 mg/L
or more and 500 mg/L or less of a detergent comprising
a polyether amine compound, a polybutenyl amine
compound, an alkenyl succinamide compound, or an
alkenyl succinimide compound by line-blending,
forced-stirring or leaving to stand for a sufficient

time, in a step added between Steps 1 and 2.
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or 2, wherein the lubricity inprover, detergent and cold flow inprover each
contain a solvent containing no chem cal substance with a nelting point of
10C or higher. 4. The gas oil conposition according to any one of clains 1
to 3, wherein the gas oil conposition has a peroxide nunber after an

dccel erated oxidation test of 50 ppmby mass or less, a kinematic viscosity
at 30C of 2.5 mmR/s or greater and 5.0 mm2/s or |ess, a cetane index of 45
Q' greater and a water content of 100 ppm by volune or less. -111

3. The gas o0il composition according to claim 1
or 2, wherein the lubricity improver, detergent and
cold flow improver each contain a solvent containing
no chemical substance with a melting point of 10°C or

higher.

4. The gas 0il composition according to any one
of claims 1 to 3, wherein the gas oil composition has
a peroxide number after an accelerated oxidation test
of 50 ppm by mass or less, a kinematic viscosity at 30°C
of 2.5 mm?/s or greater and 5.0 mm?’/s or less, a cetane
index of 45 or greater and a water content of 100 ppm

by volume or less.

-111-



