LLQUEFI ED FUEL GAS COMPCSI TION [Field of the Invention] The present
invention relates to liquefied fuel gas conpositions and in particular to
| i quefied fuel gas conpositions conprising a hydrocarbon produced by
contacting a feedstock conprising a hydrocarbon fraction containing an
animal or vegetable fat and a conponent originating therefrom with a

hydr ocracki ng catalyst conprising at | east one or nore netals selected
fromthe Goups 6A and 8 of the periodic table and an inorganic oxide with

acidic properties, un roge res e. I of the Invention]
In recent years, the 32%%?§¥&gﬁg gﬂgghéigéhgﬁgﬁgggggg%gg aut onobi | es have
been strengthened due to the deterioration of the air environnment, and thus
a situation arises wherein the use of gas fuel -powered diesel autonobiles,
in particular trucks has been restricted. In order to deal with the
regul ati ond18hed odevieldpherite Bt igm kexhaust gas purifying systemfor a

di esel vehicle has been advanced, and also a substitution to a | ow em ssion
vehi cl e whose eXhausiregasti sicvean idrasrbéert &3 utdped.l dwe fhies dondéct i on,

o gas compositions and in particular to liquefied fuel
gas compositions comprising a hydrocarbon produced by
contacting a feedstock comprising a hydrocarbon
fraction containing an animal or vegetable fat and a
component originating therefrom, with a hydrocracking
catalyst comprising at least one or more metals
selected from the Groups 6A and 8 of the periodic table

and an inorganic oxide with acidic properties, under

hydrogen pressure.

[Background of the Invention]

In recent years, the regulations on the exhaust
gas of automobiles have been strengthened due to the
deterioration of the air environment, and thus a
situation arises wherein the use of gas fuel-powered
diesel automobiles, in particular trucks has been
restricted. In order to deal with the regulations, the
development of an exhaust gas purifying system for a
diesel vehicle has been advanced, and also a
substitution to a low emission vehicle whose exhaust

gas is clean, has been studied. 1In this connection,



a.truck running on liquefied petroleumgas (LPG has been expected to be a
substitute for a diesel truck. For taxis, the LPG has been used as their
mai n fuel over the past 40 years (see, for exanple, non-patent docunent
1. There have been sone exanples that the quality of a liquefied petroleum
gas for autonobile (auto gas) has been studied to further reduce exhaust
gas em ssions (see, for exanple, patent docunent 1). However, there has
been no exanple that a reduction in carbon oxide em ssions is studied.
Pat ent Docunent 1: Japanese Patent Lai d-Open Publication No. 10-121070
Non- Pat en? D&&ent URNINP efs/ Bt e Filitcki R DY TR © @Bs ABA al M kReil Merber of
Editorial Board) " under the editorship of the Resource Bureau of the
Sci ence apdeTecioe 6dE PgedchPe Fapanbstgedit padger 186dASAR L 1L Fustk t he LPG
used in Japan has been provided by donestic production while about 3/4 has
been providedtbyxiispdrie INoGddaygshekem asdet a thk versafiy flue lswppty source
of the LPG an attenpt has been nmade in which the sources fromwhich the
LPG i s itperteads have® beearexpahnded. fWi hekegas tet, o ridre-phBEG e pt oduced
domestically, it is produced through separation upon distillation of crude
oil at a getim@yt-2). There have been some examples that the
quality of a liquefied petroleum gas for automobile
(auto gas) has been studied to further reduce exhaust
gas emissions (see, for example, patent document 1).
However, there has been no example that a reduction in
carbon oxide emissions is studied.
Patent Document 1: Japanese Patent Laid-Open
Publication No. 10-121070
Non-Patent Document 1: "LP Gas/Data Hikkei (by LP
Gas/Data Hikkei Member of Editorial Board)" under
the editorship of the Resource Bureau of the
Science and Technology Agency, Japan, 1964, page
166
About 1/4 of the LPG used in Japan has been
provided by domestic production while about 3/4 has
been provided by import. ©Nowadays, in order to
diversify the supply source of the LPG, an attempt has
been made in which the sources from which the LPG is
imported have been expanded. With regard to the LPG

produced domestically, it is produced through

separation upon distillation of crude o0il at a refinery



as well as produced from by-products produced in various petroleumrefinery
pl ants or petrochem cal plants. A situation is going to arise, where the
quality of the LPGis not necessarily the same as that of the conventional
LPG However, such a situation is restricted to the LPG originating from
fossil fuel. In order to reduce exhaust gas and deal with the gl obal

warm ng issue, fuel properties effective to reduce carbon di oxi de em ssions
has been required. As one exanple to satisfy the requirenent, it has been

studied to use bi omass-qriginating fuel that is reprqducible, as an
aIteﬂnueaﬁuﬁgfihﬁﬁaﬁ?qu&?da%FQ RYVBLUEF CEFc %SBF hahol , ETBE,

or bi odi esel which can be directly blended with conventional fossil fuels
such as g%2&1iHES aR§ tgeRl 8 eRfbeET Bt Bdiddd: S PEwevRF L OtHEtB1ER st s no
study or discovery concerning a biomass-originating liquefied fuel gas

whi ch canPbéntpt endBdsditreat iy id goddnyehtd onalk Sk quetes@ PHeerol eum gas.
[ Di scl osures of the Invention] As a result of extensive research and study,
t he presentliinvent £ ohhwad. PAEhi £viedt onetcless bagiid wft hdes afiendisngteati quefi ed
fuel gas conposition conprising a hydrocarbon produced by contacting a
f eedst ocko £3t henproirst eigtd dydi ccRGhon Hawetean eant i ai gt aa tandmad s
restricted to the LPG originating from fossil fuel.
In order to reduce exhaust gas and deal with the
global warming issue, fuel properties effective to
reduce carbon dioxide emissions has been required. As
one example to satisfy the requirement, it has been
studied to use a biomass-originating fuel that is
reproducible, as an alternate fuel. Currently, an
alternative fuel such as bioethanol, ETBE, or biodiesel
which can be directly blended with conventional fossil
fuels such as gasoline and gas o0il has been studied.
However, there exists no study or discovery concerning
a biomass-originating liquefied fuel gas which can be

blended directly with a conventional liquefied

petroleum gas.

[Disclosures of the Invention]

As a result of extensive research and study, the
present invention was achieved on the basis of the
finding a liquefied fuel gas composition comprising a

hydrocarbon produced by contacting a feedstock



o{ vegetable fat and a conponent originating therefrom wth a

hydr ocracki ng catal yst conprising at |east one or nore netals selected from
the group consisting of the Goups 6A and 8 of the periodic table and an
ivorgani c oxide with acidic properties, under hydrogen pressure. That is,
the present invention relates to a |iquefied fuel gas conposition
conprising a hydrocarbon containing 10 ppm by nmass or |ess of sulfur
conponents, 1.0 percent by nole or nore and 99 percent by nole or |ess of a
C3 hydrocarbon, and 1 percent by nole or nore and 99 percent by nole or

| ess of aCERPhdtddarbbidited kP@rodarfohlBéi A Prdtlee® By adoMtatting a

f eedst ock conprising a hydrocarbon fraction containing an aninal or

veget abl eofra¥ egisd/d? 1 eaf @ Srpodeatc UrP gt g ¥ Geneftriony Wheked rom,

hydr ocracki ng catal yst conprising at |east one or nore netals selected from
t he groupwédrsiasth ngrof nehek Gnoupsa t SAyarid G nop rtilsel per & bdile astbl @nand an
inorganic oxide wth acidic properties, under hydrogen pressure. The
present ioavemdoa aksa el akd=dioed Ifiqueftaed dJrehpgacoipadirtg onf
conprising a hydrocarbon containing 10 ppm by nass or |ess of sulfur

conponent she IcPopQCEMt BYIdTO8 €08r HE epandi HQipercent eby i@l gnor -4 | ess
of a C3 hydrocarbon, and 1 percent by nole or nore

inorganic oxide with acidic properties, under hydrogen
pressure.

That is, the present invention relates to a
liquefied fuel gas composition comprising a
hydrocarbon containing 10 ppm by mass or less of sulfur
components, 1.0 percent by mole or more and 99 percent
by mole or less of a C3 hydrocarbon, and 1 percent by
mole or more and 99 percent by mole or less of a C4
hydrocarbon, the hydrocarbon being produced by
contacting a feedstock comprising a hydrocarbon
fraction containing an animal or vegetable fat and/or
a component originating therefrom, with a
hydrocracking catalyst comprising at least one or more
metals selected from the group consisting of the Groups
6A and 8 of the periodic table and an inorganic oxide
with acidié properties, under hydrogen pressure.

The present invention also relates to a liquefied
fuel gas composition comprising a hydrocarbon

containing 10 ppm by mass or less of sulfur components,

1.0 percent by mole or more and 99 percent by mole or



and 99 percent by nmole or less of a C4 hydrocarbon, the hydrocarbon being
produced by contacting a feedstock conprising a mxed oil of a hydrocarbon
fraction containing an animal or vegetable fat and/or a conponent
otiginating therefromand a petrol eum hydrocarbon fraction containing a
kerosene fraction produced by refining crude oil, mxed at any ratio, with
a hydrocracking catal yst conprising at |east one or nore netals selected
fromthe group consisting of the G oups 6A and 8 of the periodic table and
an inorganic oxide with acidic properties, under hydrogen pressure. [Best
Mode for @ﬁrsrsyiorfg o3 thed F A¢efh R FRE pr esdift e hveit Med Sv9Y THer 8escri bed
in detail below. In the gresent i nvention, a hydrocarbon fraction
cont ai ni n§N&n S@niPfetl Con tvegeiatl @ datl apd/ of a CéohpsHentasibiqg nathfig
therefromis used as a feedstock. In the present invention, a mx oil of a
hydr ocar bbi dfrace rbercdme ani mgr @aduaridraby oc oveget abngy & at eanld/torca
conponent originating therefromand a petroleum hydrocarbon fraction
cont ai ni ngoangket st@nre a f nactd dnoproduced by debchinigpor idea ot L pnm xed at any
ratio is also used as a feedstock. -5 The animal or vegetable fat and/or the
conponent co@rd Hi akhigda t hamefk M denotegbatay pé gaw@rdhtii/gal by

component originating therefrom and a petroleum

hydrocarbon fraction containing a kerosene fraction

produced by refining crude oil, mixed at any ratio, with

a hydrocracking catalyst comprising at least one or

more metals selected from the group consisting of the

Groups 6A and 8 of the periodic table and an inorganic

oxide with acidic properties, under hydrogen pressure.

[Best Mode for Carrying out the Invention]

The present invention will be described in detail
below.

In the present invention, a hydrocarbon fraction
containing an animal or vegetable fat and/or a
component originating therefromis used as a feedstock.

In the present invention, a mix oil of a
hydrocarbon fraction containing an animal or vegetable
fat and/or a component originating therefrom and a
petroleum hydrocarbon fraction containing a kerosene
fraction produced by refining crude o0il, mixed at any

ratio is also used as a feedstock.



nmade or produced ani mal or vegetable fats and/or conponents originating
therefrom Exanples of raw materials of aninmal fats and animl oils include
beef tallow, mlk fat (butter), lard, nmutton tallow, whale oil, fish oil,
and liver oil. Exanples of raw materials of vegetable fats and vegetabl e
oils include the seeds and other parts of coconut, palmtree, olive,

saffl ower, rape (rape blossons) , rice bran, sunflower, cotton seed, corn,
soy bean, sesane, and flaxseed. Fats or oils other than those produced from
these material s nay also _be used in the present invention. The feedstocks
may be of solitl6r 2RiiqiA Y Bt V& prBLEr élﬂty P ededed P ofPPEJER Abl e fats
or vegetable oils with the objective of easy handling, carbon dioxide

absor pti vPty I amdtAingh theoe ﬁ@Wld?HQQQe@ﬁ&ﬁﬁﬁ#yorw@ﬁﬁﬂﬁﬂﬁ§%%%wt|ng
fromthe use of these animal and vegetable oils for household, industry and
food preparatd onrpprpodes emayan bradseor ayetqmtabé@stﬁ@ksafatred/ohre resi dual
matters are renoved fromthese oils. Exanples of the typical conposition of
the fattycoagidnheparts of rihe rgd yEan deh eopfawds cAmtzaimedsi o f hese
feedstocks include fatty acids, so-called saturated fatty acids having no

unsat ur at gd thondail g e Wi geul €5t s-&nsueh @BabubiniL et d udSBHEOeH)
caproic acid (C5H11000H), caprylic acid (C7H15000H), capric acid

tallow, milk fat (butter), lard, mutton tallow, whale
0il, fishoil, and liver oil. Examples of rawmaterials
of vegetable fats and vegetable oils include the seeds
and other parts of coconut, palm tree, olive, safflower,
rape (rape blossoms), rice bran, sunflower, cotton seed,
corn, soy bean, sesame, and flaxseed. Fats or oils
other than those produced from these materials may also
be used in the present invention. The feedstocks may
be of solid or liquid but are preferably produced from
vegetable fats or vegetable oils with the objective of
easy handling, carbon dioxide absorptivity, and high
productivity. Alternatively, waste o0ils resulting
from the use of these animal and vegetable oils for
household, industry and food preparation purposes may
be used as the feedstock after the residual matters are
removed from these oils.

Examples of the typical composition of the fatty
acid part of the glyceride compounds contained in these
feedstocks include fatty acids, so-called saturated

fatty acids having no unsaturated bond in the molecules,



(£9H19000H), lauric acid (Cl1H23000H), nyristic acid (C13H27000H), palmtic
acid (Cl5H31000H), stearic acid (Cl7H35000H), and so-called unsaturated
fatty acids having one or nore unsaturated bonds in the nol ecules, such as
oleic acid (C17H33COOH), linoleic acid (Cl7H31000H) , linolenic acid
(C17H29000H) and ricinoleic acid (C1L7H32(OH) 000H). In general, the

hydr ocarbon parts of these fatty acids contained in substances existing in
nature are nostly of straight chain. However, the fatty acid may be any of
those having a side chain structure, i.e., isomers as long as the

proper t i e8UddY | hed PR ¥ RECpreskht (CifeRQUR) ar € aRARPLST ia@I AThe unsat ur at ed
fatty acid may be any of those existence of which are generally recognized
in naturéCali1wePPHas t@ape WavEng @ind uhSatlue @P&d bondapari cmaicdcil e, the
position of which is adjusted through chem cal synthesis as |ong as the
properti esCdB8fib@eOH )by thempresentid nVénti ot GPB)satigfied.iThacid
above-descri bed feedstocks (aninmal or vegetable fats and conponents
originating.theredodn), rwabhditi onecdrd noe g 1of, ddese,f afttyaadicdsciMii ch vary
depending on the raw materials. For exanple, coconuts o0il contains a

rel ativel yclhangecaoaynt shdsaldrabed ed 7uhatdiyn aek@dsi sfightds d aunisc aci d and

nmyristic acid while soy bean oil contains a | arge anount of unsaturated
having one or more unsaturated bonds in the molecules,
such as oleic acid (C17H33COOH), linoleic acid
(C17H31CO0OH), linolenic acid (C;17H29COOH)and ricinoleic
acid (Ci7Hs3, (OH)COOQOH) . In general, the hydrocarbon
parts of these fatty acids contained in substances
existing in nature are mostly of straight chain.
However, the fatty acid may be any of those having a
side chain structure, i1.e., isomers as long as the
properties defined by the present invention are
satisfied. The unsaturated fatty acid may be any of
those existence of which are generally recognized in
nature as well as those having an unsaturated bond per
molecule, the position of which is adjusted through
chemical synthesis as long as the properties defined
by the present invention are satisfied.

The above-described feedstocks (animal or

vegetable fats and components originating therefrom)
contain one or more of these fatty acids, which vary

depending on the raw materials. For example, coconuts

0il contains a relatively large amount of saturated



fatty acids such as oleic acid and linoleic acid. The petrol eum hydrocarbon
fraction containing a kerosene fraction produced by refining crude oil,

m xed w th the hydrocarbon fraction containing an animal or vegetable fat
and/ or a conponent originating therefrom may be a fraction produced through
the general petroleumrefining processes. For exanple, the hydrocarbon
fraction containing an aninmal or vegetable fat and/or a conponent
originating therefrommay be mxed with any of fractions with a

pr edet er m_ned boiJing?Eoint raan roduced in an at nospheric istillation

unit or al@aculimThSEiTHED 87 dATT AN CtFadPioRY i Thig predetdrht fied
boi ling range produced in a hydrodesul furization unit, a hydrocracking
unit, a PEY dRARNoIAL M| Fedt afe’El PurizhfiforrARRE R f aufisd Buradqadl ytic
cracking unit, or may be mixed with a plurality of fractions with such a
boi | i ng pbR#tt ¥ adnge dprodaded $ notlisdse aniltds.aThe lgar @ beéwm g ddocar bon
fraction preferably contains a fraction with a boiling point of at |east
300C or hi gher ahd merter pitefuer dby g r coamtladns fim hieavirercdm aetiindmaed &h a
boiling point of higher than 700C. If the petrol eum hydrocarbon contains
no fracti eerwiddna bokkitnigp Py Nddak 3DBG ek £8n bhghetude suflf) eiiengdl i qui d
yield may not be obtained due to excessive cracking. |f the petrol eum
with the hydrocarbon fraction containing an animal or
vegetable fat and/or a component originating therefrom
may be a fraction produced through the general
petroleum refining processes. For example, the
hydrocarbon fraction containing an animal or vegetable
fat and/or a component originating therefrom may be
mixed with any of fractions with a predetermined
boiling point range produced in an atmospheric
distillation unit or a vacuum distillation unit and
fractions with a predetermined boiling range produced
in a hydrodesulfurization unit, a hydrocracking unit,
a residual o0il direct desulfurization unit, or a fluid
catalytic cracking unit, or may be mixed with a
plurality of fractions with such a boiling point range
produced in these units. The petroleum hydrocarbon
fraction preferably contains a fraction with a boiling
point of at least 300°C or higher and more preferably
contains no heavier fraction with a boiling point of

higher than 700°C. If the petroleum hydrocarbon

contains no fraction with a boiling point of 300°C or



hydr ocarbon contains a fraction with a boiling point of higher than 700C,
the formati on of carbonaceous material is accelerated on a catal yst thereby
covering the active sites thereof, possibly leading to a reduction in the
activity. The boiling point range used herein denotes a value neasure in
accordance wwth JI'S K 2254 "Petrol eum product s-Determ nati on of
distillation characteristics" or the nethod described in ASTM D86. The
feedst ock conprising a hydrocarbon fraction containing an animal or

veget abl e fat and/or a _conponent originating therefromor conprising a mx
oi | of ahﬁﬂﬂ%%ar%oﬁWﬂ%&?#Sﬁﬁu%ﬁ%Phﬁng%ﬂf@nmﬁm NGt RegePiaiie¢dt and/ or
a conponent originating therefrom and a petrol eum hydrocarbon fraction
cont ai ni ngU& ker 8¥&TRsS $EHE iR pRkdduted B rdfe nPR§ Ly LE@EMoi |, mi xed. at
any ratio is then brought into contact with a hydrocracki ng catal yst

conpri si npyatr ¢ east conec ontgorres aetfalass sebeactweidt fir embtdhiel Ghaups BACand 8
netals of the periodic table and an inorganic oxide with acidic

propertiesf unidghehydriogen 7@rE&sSur e.helhéohydrotpacki hgceatad yst ecard ai ns at

| east one netal, preferably two or nore nmetals selected fromthe -9 G oups

6A and 8 matadsi ol 1 Beaperd o8t g tleablog, aExam By sef tsuche bt abs dach gde
Co-Md, Ni-Md, Ni-Co-MD, and N -W

the active sites thereof, possibly leading to a
reduction in the activity. The boiling point range
used herein denotes a value measure in accordance with
JIS K 2254 "Petroleum products-Determination of
distillation characteristics” or the method described
in ASTM-D86.

The feedstock comprising a hydrocarbon fraction
containing an animal or vegetable fat and/or a
component originating therefromor comprising amix oil
of a hydrocarbon fraction containing an animal or
vegetable fat and/or a component originating therefrom
and a petroleum hydrocarbon fraction containing a
kerosene fraction produced by refining crude 0il, mixed
at any ratio is then brought into contact with a
hydrocracking catalyst comprising 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 hydrocracking catalyst contains at least one

metal, preferably two or more metals selected from the



Preferred exanples include N -M, N -Co-MJO and N -W Upon hydrocracking,
these netals are converted to be in the formof sulfides before being used.
Enpl oyed for the support of the hydrocracking catalyst are inorganic oxides
with acidic properties. Preferably, the support contains at |east two
selected fromsilica, alumna, boria, zirconia, nmagnesia, and zeolite.
Preferred exanples include silica-alumna, titania-alumna, boria-alumna,
zirconia-alumna, titania-zirconia-alumna, sili ca bori a-al um na,
silica-zirconia-alumna, silica-titania-alum na

si lica-tiTEAPASzPAc MR LM A4S Wr&l'}ﬁé?%ﬁlé?ﬂil%x%%ll@s i fcfatele

silica-alum na, boria-alumna, zirconia-alumna, titania-zirconia-alumna,
silica-b6ri & aEa 1§ LRl 28 pcoarAloal B TS / ald ~Cs1 11 @a- 2 nalias umi na.
More preferred exanples include silica-alumna and silica-zirconia-alum na.
Pr ef er ablBx e f hegee € omphap loxs degcéorttaidi zMol,i el - T a-Mhe aadeNwhdr-e al unmi na
is contained, alumna can be contained in any percentage to other
conponentypon tlyelr basias laf nghe tdupper he tHowever e tdengenttesd 0b &leumina is
preferably 96 percent by mass or less and nore preferably 90 percent by
mass or liesstak thersupporiul¥q d@ssbelffo tBebeont@ntisiesd nore than 96 percent

by mass, the catalyst would fail to exert the desired

Employed for the support of the hydrocracking
catalyst are inorganic oxides with acidic properties.
Preferably, the support contains at least two selected
from silica, alumina, boria, zirconia, magnesia, and
zeolite. Preferred examples include silica-alumina,
titania-alumina, boria-alumina, zirconia-alumina,
titania-zirconia-alumina, silica-boria-alumina,
silica-zirconia-alumina, silica-titania-alumina, and
silica-titania-zirconia-alumina. More preferred
examples include silica-alumina, boria-alumina,
zirconia-alumina, titania-zirconia-alumina,
silica-boria-alumina, silica-zirconia-alumina, and
silica-titania-alumina. More preferred examples
include silica-alumina and silica-zirconia-alumina.
Preferably, these complex oxides contain zeolite. 1In
the case where alumina 1is contained, alumina can be
contained in any percentage to other components on the
basis of the support. However, the content of alumina

is preferably 96 percent by mass or less and more

preferably 90 percent by mass or less of the support

_lo_



hydr ocracki ng activity because sufficient acidic properties are not

attai ned. Exanpl es of conponents other than silica, forming the crystalline
structure of zeolite used for the hydrocracking catalyst include alun na,
titania, boria, and gallium Preferred zeolites include those containing
silica and alumna, i.e., alumno-silicate. There have been reported many
types of zeolite crystalline structure, such as faujasite, beta,

nordenite, and pentasil types. In the present invention, nore preferred are
faujasite, beta, and pentasil types because zeolites of these types exert

a suf fi ci®Af ShydrioeriaeRi AErd@R i ¢ §. "P&t itdir ar P§ PEreterFelYaléS%uj asite
andbeta types. These zeolites nmy be adjusted in alum na content

corr espondhagloa tal vishe wooilchi baelr it rakes tof t hhe deasd igtCeri al s upon
initiation of the synthesis of the zeolites or may be subjected to a

hydr ot herimaH rtoread oiritn @natari waint gcibe c 4 neat renf £ iAnmemgytt hesied zeol i t es, nost
preferred are ultra-stable Y type zeolites ultra-stabilized by a

hydr ot herpabplaeal genta adhere ant aeiichddeatment. It. is assumed that the
ultra-stable Y type zeolites have a mcro porous structure peculiar

thereto, so-caldgdmphle MEF ¢ ARHBS Rt 2B B ERBIH @i Bndaal sgrigwy formed

pores in the range of 20 to 100 A, which pores provide
the crystalline structure of zeolite used for the
hydrocracking catalyst include alumina, titania, boria,
and gallium. Preferred zeolites include those
containing silica and alumina, i.e., alumino-silicate.
There have been reported many types of zeolite
crystélline structure, such as faujasite, beta,
mordenite, and pentasil fypes. In the present
invention, more preferred are faujasite, beta, and
pentasil types because zeolites of these types exert
a sufficient hydrocracking activity. Particularly
preferred are faujasite and beta types. These zeolites
may be adjusted in alumina content correspondingly to
the stoichiometric ratio of the raw materials upon
initiation of the synthesis of the zeolites or may be
subjected to a hydrothermal treatment and/or an acid
treatment. Among‘these zeolites, most preferred are
ultra-stable Y type zeolites ultra-stabilized by a
hydrothermal treatment and/or an acid treatment. It

is assumed that the ultra-stable Y type zeolites have

a micro porous structure peculiar thereto, so-called

-11-



reaction sites excellent for converting the oxygen conponents contained in
fat conponents. The volunme of the pore with a pore dianmeter in this range
is preferably from0.03 m/g or larger and nore preferably from0.04 ni/g
of larger. The pore volune used herein is generally determ ned by mercury
intrusion nethod. The hydrothermal treatnment may be carried out under the
known conditions. The nolar ratio of silica to alumna defined as the

physi cal properties of the ultra-stable Y type is preferably from10 to
120, nore preferably from 15 to 70, and nore preferably from25 to 50. If
the nol armigtico pergseater2phdn Ar0sSmeRd ¢ Bsand iy seatdl Wby £ neeidced in
acidic properties and thus would fail to exert a sufficient hydrocracking
activity.pbfreg hien nohear reatd® ¢§ 28ssot AAD ¥0, wheéchepdtéagpeatal gyst  woul d
be too strong in acidic properties and thus encounter a rapid reduction in
t he acti view diteo ho stihee saecel €r akted fdo rmatdanv efr tdake. thke epptent of the
zeolite is preferably from2 to 80 percent by mass and nore preferably from

4 to 75 pebapy¥n &K tFRsSnt0f i hBRl iSUPRA! lcdMSSneldt & he cart ertlimel €8S than
the lower |limt, the resulting catalyst would fail to exert a sufficient

TR ocr ek sEi ek clfptessspianty o it ey ehep dherumRnli L

acceleratfrom 0.03 ml/g or larger and more preferably from 0.04
ml/g or larger. The pore volume used herein 1is
generally determined by mercury intrusion method. The
hydrothermal treatment may be carried out under the
known conditions. The molar ratio of silica to alumina
defined as the physical properties of the ultra-stable
Y type is preferably from 10 to 120, more preferably
from 15 to 70, and more preferably from 25 to 50. If
the molar ratio is greater than 120, the resulting
catalyst is reduced in acidic properties and thus would
fail to exert a sufficient hydrocracking activity. 1If
the molar ratio is less than 10, the resulting catalyst
would be too strong in acidic properties and thus
encounter a rapid reduction in the activity due to the
accelerated formation of coke. The content of the
zeolite is preferably from 2 to 80 percent by mass and
more preferably from 4 to 75 percent by mass, of the
support mass. If the content is less than the lower
limit, the resulting catalyst would fail to exert a

sufficient hydrocracking activity. If the content is

-12-



coke formation. In the present invention, when the feedstock is subjected
to a catalytic treatnent under hydrogen pressure, the feedstock is
preferably brought into contact with the hydrocracking catal yst under
hydrogen pressure after being contacted with a hydropretreating catalyst
containing at |l east one or nore netals selected fromthe G oups 6A and 8
netals of the periodic table, under hydrogen pressure. The hydropretreating
catal yst contains at |east one netal, preferably two or nore netals
selected from the G oups 6A and 8 netals of the periodic _table. Exanple of
such nmetaP®LihdhrR e NPPRIE- M PN - Co? #3 e sidd Nedwabpdiy st would
hydropretreatnent, these nmetals are converted to be in the formof sulfides
before bePfgtamset rTRE supperiddbf Phe Bt bpretrdhttings cacarystrase a
porous inorgani c oxide. The support is generally an al um na-containing
por ous i nercgahi Eoagxiadei oBExanpl es of ot her conponents constituting the
support include silica, titania, zirconia, and boria. The support is
preferably a coffpogilte pxidercontaivrimgi ahymwleeandhat f¢edstt omke s nore
components sel ected fromthe other -13 constituting conponents. The support
may furtherbfestald poosphod ts 1yt dddt tricit ih @ntthesed eenpopenbsen

pressure, the feedstock is preferably brought into

contact with the hydrocracking catalyst under hydrogen

pressure after being contacted with a hydropretreating

catalyst containing at least one or more metals

selected from the Groups 6A and 8 metals of the periodic

table, under hydrogen pressure.

The hydropretreating catalyst contains at least

one metal, preferably two or more metals selected from

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

Example of such metals include Co-Mo, Ni-Mo, Ni-Co-MO,

and Ni-W. Upon hydropretreatment, these metals are

converted to be in the form of sulfides before being

used.

The support of the hydropretreating catalyst is

a porous inorganic oxide. The support is generally an

alumina-containing porous inorganic oxide. Examples

of other components constituting the support include

silica, titania, zirconia, and boria. The support is

preferably a composite oxide containing alumina and at

least one or more components selected from the other
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The total content of the conponents other than alumna is preferably from1l
to 20 percent by mass and nore preferably 2 to 15 percent by nmass. |If the
total content is less than 1 percent by nass, the resulting catalyst fails
tq obtain a sufficient catalytic surface area and thus would be reduced in
the activity. If the total content is nore than 20 percent by nass, the
acidic properties of the support is increased, possibly leading to a
reduction in the activity caused by the fornmation of coke. Wen phosphorus
is contained as a support constituting conponent, the content of

phosphor usc®rsftridmiling 5 pepoeetn by . madd candupircer t phefverbryhfarom 2 to 3.5
percent by mass in terns of oxide. There is no particular restriction on
the raw metiadlrs whchprar rupr dour sdds tof osi Iticcat heisteant @appozigebai.a, and
boria. Therefore, a solution containing silicon, titanium zirconium or
boron is gemerabkyl uset:ehar oS ltinco;ompbn@rct ach dhesodinegn sa 1l imdtres and
silica sol may be used. For titanium titaniumsulfate, titanium

tetrachl ori glep rantk ¥apilqust abkoxi deosaldt o8By e e H§etha 91 azid CRBELM
zirconiumsul fate and various al koxide salts may be used. For boron, boric

acid may 514rRe Hsed. oFar, pResphor Uen Phogphrd £, acid and atkald; netal

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

There is no particular restriction on the raw
materials which are precursors of silica, titania,
zirconia, and boria. Therefore, a solutiocn containing
silicon, titanium, zirconium, or boron is generally
used. For silicon, silicic acid, sodium silicate, and
silica sol may be used. For titanium, titanium sulfate,
titanium tetrachloride, and various alkoxide salts may

be used. For zirconium, zirconium sulfate and various

alkoxide salts may be used. For boron, boric acid may
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The raw materials of these support constituting conponents other than

alum na are preferably added at any stage prior to calcination of the
support. For exanple, the raw materials my be added to an al um num
agueous solution which is then forned into an alum num oxide gel containing
t hese support constituting conponents, or nay be added to a prepared

al um numoxide gel. Alternatively, the raw materials may be added at. a
step of kneading a m xture of water or an acid aqueous solution and a
commercially available alumna internmediate or boehmte powder. Preferably,
these supFortse8nst iftAl i RYOSHRRORBSEYs R @Seomt it fed Gif aRn daldink Rdih oxi de
gel during the process of preparation thereof. Although the nechani sm

exhi bi ti n§ ey aftddedus heffeet s maty P Aed Idaddi ti on of these support
constituting conponents other than alum na has not been elucidated, it is
assuned t hat th&se monpoRertsiddsmod compbex soxpde rét at@nsogatthierngi t h
alumnum It is thus presuned that this increase the surface area of the
support amdngatsensEBTe it heer acidomn 1 whtim 4 her acpires ereb alls, ddweedby tgi vi ng
influences to the activity of the catalyst. The total supported anmount of

the activemptatsge -g2i9df Of oM LnaWidWl Mg ith pretgypbty .fremA2 to 35

per cent
example, the raw materials may be added to an aluminum
aqueous solution which is then formed into an aluminum
oxide gel containing these support constituting
components, or may be added to a prepared aluminum oxide
gel. Alternatively, the raw materials may be added at
a step of kneading a mixture of water or an acid aqueous
solution and a commercially available alumina
intermediate or boehmite powder. Preferably, these
support constituting components are contained in an
aluminum oxide gel during the process of preparation
thereof. Although the mechanism exhibiting
advantageous effects attained by addition of these
support constituting components other than alumina has
not been elucidated, it is assumed that these
components form a complex oxide state together with
aluminum. It is thus presumed that this increase the
surface area of the support and cause some interaction
with the active metals, thereby giving influences to

the activity of the catalyst.

The total supported amount of the active metals,
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by mass and nore preferably from 15 to 30 percent by mass, in terns of
oxi de, of the catalyst nmass. If the anount is less than the lower limt,
the catalytic activity would be reduced because the nunber of active sites
is reduced. If the anpbunt is nore than the upper limt, the netals fail to
I sperse effectively, possibly leading to a reduction in the catalytic
activity. The total supported anount of Co and Ni is preferably froml1l.5 to
10 percent by mass and nore preferably from2 to 8 percent by mass, in
terms of oxide, of the catalyst mass. If the amount is less than 1.5
percent byomaszamp kaf f cireatMed-catrd §e re bdff datoman? tot heegtaanhed,
possibly leading to a reduction in the catalytic activity. If the anmount is
nore thanb¥0 maes centd byo masp,rd hermitlay stram 19 dospdl see refefrectbyel vy,
possibly leading to a reduction in the <catalytic activity. The catal ytic

reacti on wmades, hydrogemPreessak edies JFF efres abhy adars t edaeut. pref etabl y under
conditions of a hydrogen pressure of 5 to 20 MPa, a liquid hourly space

velocity GliddM+0fis0.1e§8 21Zah- thantdopehydr ogen/ oither ald0a 0f,t309 to 1500
NL/L, nmore preferably under conditions of a hydrogen pressure of 6.5 to 18

MPa, a | 'ag:lil_'ldvfek}r L%usl%q?e Vleéaﬁ'cteyd cﬂ(egaésteo t5 0 farpeand 8 5d6i ve
hydrogen/oil ratio of 300 to 1500 NL/L, and nore

sites is reduced. If the amount is more than the upper
limit, the metals fail to disperse effectively,
possibly leading to a reduction in the catalytic
activity. The total supported amount of Co and Ni is
preferably from 1.5 to 10 percent by mass and more
preferably from 2 to 8 percent by mass, in terms of oxide,
of the catalyst mass. If the amount is less than 1.5
percent by mass, a sufficient co-catalytic effect can
nct be attained, possibly leading to a reduction in the
catalytic activity. If the amount is more than 10
percent by mass, the metals fail to disperse
effectively, possibly leading to a reduction in the
catalytic activity.

The catalytic reaction under hydrogen pressure is
preferably carried out preferably under conditions of
a hydrogen pressure of 5 to 20 MPa, a liguid hourly space
velocity (LHSV) of 0.1 to 2.2 h™!, and a hydrogen/oil
ratio of 300 to 1500 NL/L, more preferably under
conditions of a hydrogen pressure of 6.5 to 18 MPa, a

liguid hourly space velocity of 0.2 to 2.0 h™!, and a
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preferably under conditions of a hydrogen pressure of 8 to 15 MPa, a liquid
hourly space velocity of 0.3 to 1.5 h-1, and a hydrogen/oil ratio of 350 to
1000 NL/L. The catalytic treatment under hydrogen pressure results in the
production of a hydrocarbon containing 1 O ppm by nmass or |ess of sulfur
conponents, 1. O percent by nole or nore and 99 percent by nole or |ess of
a C3 hydrocarbon, and 1 percent by nole or nore and 99 percent by nole or

| ess of a C4 hydrocarbon. The liquefied fuel gas conposition of the present

i nvention conprises the aforesaid hydrocarbon., The , content of the

hydr ocar boK AL e B/ férlcent tEyY vof urd brt omsrd 0 piet/drabf § 92009 Ber cent by
volume or nore, and nore preferably 98.0 percent by volunme or nore. The
| i quef i edPFaéle sl yompess ¥ i ©ANGS P Risy © fc gnpus@rose ra b KEGNE DfO br opane
which is a C3 hydrocarbon and a m xture of butane which is a C4
hydr ocar b®nt oTAe® MRae ef ltileu hilxhwresl yay plees e ay dil orcar ¥ yo detlerdr thed
depending on the districts and seasons where the gas is used. The propane
m xture i%.5mhi N} yacomzosedd ob gemopané arc po opyl 836 v | 20 DlRe N bt ane
m xture is mainly conposed of butane and butylene. The liquefied fuel gas
oi | may contai nrhsl cghia Bpeund s 0 a am gt hans ddxXthly e r o mdb ene,s wnd - 17
pentane. The ethane m xture is conposed of ethane and

results in the production of a hydrocarbon containing

10 ppm by mass or less of sulfur components, 1.0 percent

by mole or more and 99 percent by mole or less of a C3

hydrocarbon, and 1 percent bymole or more and 99 percent

by mole or less of a C4 hydrocarbon.

The ligquefied fuel gas composition of the present
invention comprises the aforesaid hydrocarbon. The
content of the hydrocarbon is 1.0 percent by volume or
more, preferably 20.0 percent by volume or more, and
more preferably 98.0 percent by volume or more.

The liquefied fuel gas composition is mainly
composed of a mixture of propane which is a C3
hydrocarbon and a mixture of butane which is a C4
hydrocarbon. The ratio of the mixtures may be
arbitrarily determined depending on the districts and
seasons where the gas is used. The propane mixture is
mainly composed of propane and propylene while the
butane mixture is mainly composed of butane and

butylene. The liquefied fuel gas o0il may contain

slight amounts of an ethane mixture, butadiene, and
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et hyl ene and contained in an anount of preferably 5 percent by nole or |ess
inthe liquefied fuel gas. The butadi ene content of the liquefied fuel gas
is preferably 0.5 percent by nole or I ess while the pentane content is 2
percent by nole or |less. The content of the residue at 105C of the

liquefied fuel gas is preferably 10 ppm by mass or less. Wth the objective
of reducing the rate of deposit formation and the nunber of tinmes of

drai ning, the 105C residue content is nore preferably 5 ppm by mass or |ess
and particularly preferably 2 ppm by mass or |ess. The 105C resi due content
is a val RSRE&SIfed THE &&ﬁﬁﬂ%d%é&ﬁQ?ﬁth% %@PR&F%@S%?H%EB@%F/%?@AD2158
but a value neasured by the nethod wherein the anobunt of an initial sanple
i s changedthwdrR@0amd teontiaingd itresant emperatucd iBrPAGeRed f+om 38C
to 75C and then 105C, and the residue remaining at 105C i s wei ghed.

Ther euponpetieent ney frod LReepi hg stshé rsdnipt el agueddre dtenpér gegre iBhaot 5

m nutes as defined in the ASTM nethod but is a sufficient tinme consuned
until substiapidiadhy rneoevapar ai f onhef Y heusdanpde ifsienbt gamseciogni zed at each
tenperature. The pH of the 105C residue of the liquefied fuel gas is
preferablyréfargoegter s peridenphby snd BSSot Nads s-WBi e dapROpehs dmea vapor

ri ser woul d be increased.
content 1is 2 percent by mole or less.

The content of the residue at 105°C of the
ligquefied fuel gas is preferably 10 ppm by mass or less.
With the objective of reducing the rate of deposit
formation and the number of times of draining, the 105°C
residue content is more preferably 5 ppm by mass or less
and particularly preferably 2 ppm by mass or less.

The 105°C residue content is a value measured in
accordance with the method described by ASTM D2158 but
a value measured by the method wherein the amount of
an initial sample is changed from 100 mL to 4 L, the
test temperature is increased from 38°C to 75°C and then
105°C, and the residue remaining at 105°C is weighed.
Thereupon, the time for keeping the sample at each
temperature is not 5 minutes as defined in the ASTM
method but is a sufficient time consumed until
substantially no evaporation of the sample is not
recognized at each temperature.

The pH of the 105°C residue of the ligquefied fuel

gas is preferably 6 or greater. If the pH is less than
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Further, with the objective of preventing corrosion of a fuel line and a
vapor riser, the pHis preferably 8 or less, nore preferably from6 to 7,
and nore preferably 7. The 105C residue pH referred herein is a val ue
ebtai ned by adding to the 105C resi due obtained by the above nethod,
distillation water 1000 tinmes of the anmount of the residue (if the residue
is 1ng or less, 1 nL of distillation water is added), stirring the
m xture and then nmeasuring the pH of the water phase wth a pH test paper.
The sul fur content ,of the liquefied fuel gas i referably 0.Q2 percent by
k% Jr for &

mass or | 8ss dGRYEL ST ef Br 8bIYABOH 1T 1RF EeitCh s P CréSsS ©
preferablg 0. 005 percent by mass or |ess and nost preferably 0.001 percent
by mass of UFddeTon"ihé Has SPbHPCtA T AP HRES SR RS PFETTI A Phel gas
with the objective of preventing corrosion of a fuel line and discharge of
sul fur oxfdésalo kkRgustnGas. vIRe sul § 8if reorftient PHefldr ot e &ithl deRot es a
val ue neasured in accordance with JIS K 2240 "Li quefied petroleum
gases- Det erni aatsi,omoafe pulef e repitedtr'om Fheovaparn pressarer af e4G® by t he
liquefied fuel gas is preferably 0.28 MPa or greater and nore -19
preferabl §y.0.38 MPa or greater with the objective of
The 105°C residue pH referred herein is a value
obtained by adding to the 105°C residue obtained by the
above method, distillation water 1000 times of the
amount of the residue (if the residue is 1 mg or less,
1 mL of distillation water i1s added), stirring the
mixture and then measuring the pH of the water phase
with a pH test paper.
The sulfur content of the liquefied fuel gas is
preferably 0.02 percent by mass or less, more
preferably 0.015 percent by mass or less, more
preferably 0.005 percent by mass or less and most
preferably 0.001 percent by mass or less, on the basis
of the total mass of the liquefied fuel gas with the
objective of preventing corrosion of a fuel line and
discharge of sulfur oxides to exhaust gas.
The sulfur content referred herein denotes a value
measured in accordance with JIS K 2240 "Ligquefied
petroleum gases-Determination of sulfur content".

The vapor pressure at 40°C of the liquefied fuel

gas 1s preferably 0.28 MPa or greater and more
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ensuring low tenperature startability. The vapor pressure is also
preferably 1.55 MPa or less, nore preferably 1.25 MPa or | ess, and nost
preferably 0.52 MPa or less in view of safety handling. The vapor pressure
at 40C referred herein denotes a value neasured in accordance with JIS K
2240 "Liquefied petrol eum gases-Determ nati on of vapor pressure". The
density at 15C of the liquefied fuel gas is preferably 0.500 g/cnB or
greater with the objective of inproving fuel efficiency. The density is

al so preferabl 6 C or |ess and nore preferably. 0. .600 g/lcnB or
Ceas w i HPERETET BA1 Vo OF FAUent | RG Soon At onisy HEkeG Pact i Ohe The
density at 15C referred herein denotes a value neasureg in_accordance with
JI'S K 224884 hREi PV pbFId UAT JadsesS BTN hatitoh of - 0EndidR° T The
corrosiveness to copper of the liquefied fuel as is preferably 1 or |ess
and rore BF&STABPY 45 d-ER H%%fﬁm%%%Yvé1§5p&§@aﬂ¥néeéﬁfogp6@(ﬁ t he
conduits of a fuel system The corrosiveness to copper referred herein
denot es aPv¥&firr abasurled P nMBecormdareesw emd I Kt2p4@ ferpgdef i®d>Bet rol eum
gases- Corrosi veness to -20 copper-Copper strip test”.

MPa or less in view of safety handling.

The vapor pressure at 40°C referred herein denotes
a value measured in accordance with JIS K 2240
"Liguefied petroleum gases-Determination of wvapor
pressure”.

The density at 15°C of the liquefied fuel gas is
preferably 0.500 g/cm® or greater with the objective
of improving fuel efficiency. The density 1s also
preferably 0.620 g/cm® or less and more preferably 0.600
g/cm® or less with the objective of preventing
contamination of heavy factions.

The density at 15°C referred herein denotes a
value measured in accordance with JIS K 2240 "Liquefied
petroleum gases-Determination of density".

The corrosiveness to copper of the liquefied fuel
gas is preferably 1 or less and more preferably la with
the objective of preventing corrosion of the conduits
of a fuel system.

The corrosiveness to copper referred herein
denotes a value measured in accordance with JIS K 2240

"Liquefied petroleum gases-Corrosiveness to
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The l'iquefied fuel gas conmposition may be a m xture of the hydrocarbon
produced by contacting the feedstock with the hydrocracking catalyst and 1

percent by nole or nore of a hydrocarbon originating fromfossil oil. The
I« quefied fuel gas conposition of the present invention can be used
suitably as an autonobile fuel. [Effects of the Invention] The |iquefied

fuel gas conposition of the present invention can reduce exhaust gas and
carbon di oxi de em ssions because it contains a hydrocarbon produced by
contacting a feedstock congrLsin a hydrocarbon fraction containing an
ani mal or “9BFSA Pt ePPRT afid td P cbffdnent originating therefromwith a
hydrocracki ng catalyst conprising at |east one or nore netals selected
fromthe G oups! BA dridi8eéf achel BErli gt & CEBIRC Sad UM MR fARi @ oxide with
acidic properties, under hydrogen pressure. [Exanples] Hereinafter, the
present iRk&HyDR QF| Fhise h ybse el i ne rocel dedablys Cloy twag tam a Heh € ol | owi ng
exanpl es and conparative exanple, which should not be -21 construed as
limting fhedstopekof ithet hevegtimone rapkdanplast 4 laredk 2ndAdpEaryar ait i ve
Exanpl e] The liquefied fuel gas conpositions of Exanples

by mole or more of a hydrocarbon originating from fossil

oil.

The liquefied fuel gas composition of the present

invention can be used suitably as an automobile fuel.

[Effects of the Invention]

The liquefied fuel gas composition of the present
invention can reduce exhaust gas and carbon dioxide
emissions because it contains a hydrocarbon produced
by contacting a feedstock comprising a hydrocarbon
fraction containing an animal or vegetable fat and a
component originating therefrom with a hydrocracking
catalyst comprising at least one or more metals
selected from the Groups 6A and 8 of the periodic table
and an inorganic oxide with acidic properties, under

hydrogen pressure.

[Examples]
Hereinafter, the present invention will be
described in more details by way of the following

examples and comparative example, which should not be

_21_



1 and 2, and Conparative Exanple were prepared using hydrocarbons each
produced by contacting a feedstock conprising a hydrocarbon fraction
containing an animal or vegetable fat and/or a conponent originating
therefromw th a hydrocracki ng catal yst conprising at |east one or nore
metal s selected fromthe G oup 6A and 8 of the periodic table and an
inorganic oxide with acidic properties, under hydrogen pressure. On the

ot her hand, the liquefied fuel gas conposition of Conparative Exanple 1 was
prepared using butane and. propane, produced in _a refinery, and inported
but ane aR@"probaRE. aThelpfdgetBled ot BSOP Tofposit§ orRIE E s  forth in
Table 1. Each of the |iquefied fuel gas conposition was subjected to an
exhaust ga&=awplegnd @RE Amal aad drr®Patiet EXRaldstafAsd SWas carried out by
t he met hod descri bed below. The results are set forth in Table 2. The life
cycl e assessnenfTheLCA)qoe ftilked Exhiusteedl CORpwes tapmised HUE xkorp Exanpl es
and Conparative Exanple, and the anobunt of the exhausted CO2 was

cal cul ated. a(a) Pyoperd i@smdetrerini nat iEumhé epropeet besmd readchuoinghe

| i quefied fuel gas -22 conpositions were determ ned by the foll ow ng

met hod. HReiresHklcn 0§ analhysi soal: ddwe s9Mpesit 4 60 isurhs asepieanekand

but ane are val ues neasured in accordance
comprising a hydrocarbon fraction containing an animal
or vegetable fat and/or a component originating
therefrom with a hydrocracking catalyst comprising at
least one or more metals selected from the Group 6A and
8 of the periodic table and an inorganic oxide with
acidic properties, under hydrogen pressure. On the
other hand, the liquefied fuel gas composition of
Comparative Example 1 was prepared using butane and
propane, produced in a refinery, and imported butane
and propane. The properties of each composition are
set forth in Table 1. Each of the liquefied fuel gas
composition was subjected to an exhaust gas test, and
the evaluation of the exhaust gas was carried out by
the method described below. The results are set forth
in Table 2. The life cycle assessment (LCA) of the
exhausted CO, was carried out for Examples and
Comparative Example, and the amount of the exhausted
CO, was calculated.

(a) Properties determination

The properties of each of the liquefied fuel gas
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with JI'S K 2240 "Li quefied petrol eum gases-Method for chem cal conposition
anal ysis (gas chromatograph nethod)". Residues at 105C is a val ue neasured
in accordance with the nmethod descri bed by ASTM D2158 but a val ue neasured
hy the nethod wherein the anount of an initial sanple is changed from 100
m. to 4 L, the test tenperature is increased from38C to 75C and then

105C, and the residue renmaining at 105C i s wei ghed. The pH of residues at
105C is a value obtained by adding to the 105C resi due obtained by the
above nmethod, distillation water 1000 tines of the anpbunt of the residue
(if the réesimduesis§ipmgy werkedetarmingfd iy sthel aeildre waner Mies elded) ,
stirring the mxture and then neasuring the pH of the water phase with a pH
test paper (nmafbkactasedtlsy SOV ROSH i Kabsha,hetdonp@ul faorcaiteht is a
val ue neasured in accordance wth JIS K 2240 "Li quefied petrol eum

gases- Det esnpiratd ome ain dub f ua neokpitrenty'a 1 Vapon eprsassetei ata d0Grndamceal ue
measured in accordance with JIS K 2240 "Li quefied petrol eum

gases- Det gimimati 9Nk 0P 2MaPOTL PHasFUWed . pe 23 M Hensyhy &b - 12€H Sd ar yal ue
measured in accordance wth JI'S K 2240 "Li quefied petrol eum
chemical composition analysis (gas chromatograph
method) ".

Residues at 105°C is a value measured in
accordance with the method described by ASTM D2158 but
a value measured by the method wherein the amount of
an initial sample is changed from 100 mL to 4 L, the
test temperature is increased from 38°C to 75°C and then
105°C, and the residue remaining at 105°C is weighed.

The pH of residues at 105°C is a value obtained
by adding to the 105°C residue obtained by the above
method, distillation water 1000 times of the amount of
the residue (if the residue is 1 mg or less, 1 mL of
distillation water is added), stirring the mixture and
then measuring the pH of the water phase with a pH test
paper (manufactured by TOYO ROSHI Kaisha, Ltd.).

Sulfur content is a value measured in accordance
with JIS K 2240 "Liguefied petroleum
gases-Determination of sulfur content".

Vapor pressure at 40°C is a value measured in
accordance with JIS K 2240 "Liguefied petroleum

gases-Determination of vapor pressure".

-23-



gases-Determ nation of density". Corrosiveness to copper referred herein
denotes a value neasured in accordance with JIS K 2240 "Liquefied

pet rol eum gases- Corrosi veness to copper-Copper strip test”. (b) Exhaust gas
eval uati on Exhaust gas neasurenent in 10/15 node was carried out using the
foll owi ng vehicle described below. The results of the nmeasurenment and those
of LCA of CO2 em ssion evaluation are set forth in Table 2 below. (Test
Vehi cle) Engine: in-line four-cylinder Displacenent: 1998 cc Fuel supply
node: el ectroni ??1 controll Ed 5gg huret or. Transm ssion: automatic.transm ssion
As apparent fro L FEsAFt §9set ort N3 h$abFa St S ehel G ¥d el gas
conposi tions of the present —invention can reduce exhaust gas conponents
(THC, CO, Wi Ndo) Iﬁo?é4t0nanL€-ﬁ{élec%3I‘19§ntH%WéPlLer@ Life cycle assessnent
(LCA) of exhausted CO2 is carried out in Exanples and Conparative Exanple,
and the &fiME O thenénPdusPad cdPdaas iday cul ated. In  -24 Exanples, the
anount of CO02 generated by conbustion of biomass is counted as zero, and
thus the |iqueffedfaeliveness to copper referred herein denotes

a value measured in accordance with JIS K 2240
"Liquefied petroleum gases-Corrosiveness to
copper-Copper strip test".
(b) Exhaust gas evaluation

Exhaust gas measurement in 10/15 mode was carried
out using the following vehicle described below. The
results of the measurement and those of LCA of CO;
emission evaluation are set forth in Table 2 below.

(Test Vehicle)

Engine: in-line four-cylinder

Displacement: 1998 cc

Fuel supply mode: electronic controlled

carburetor

Transmission: automatic transmission

As apparent from the results set forth in Table
2, the liquefied fuel gas compositions of the present
invention can reduce exhaust gas components (THC, CO,
and NOx) more than the conventional LPG.

Life cycle assessment (LCA) of exhausted CO; is
carried out in Examples and Comparative Example, and

the amount of the exhausted CO, was calculated. In
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gas oils of Exanples achieved a drastic reduction in C02 em ssions.
[Applicability in the Industry] According to the present invention, there is
provided a |iquefied fuel gas conposition produced from an animal or

weget abl e fat-originating conponent, which conposition is excellent in
effects to reduce exhaust gas and CO2 em ssions. -25 A W Table 1 Exanple
1 Exanple 2 Conparative Exanple 1 Ratio of Biomass in Feedstock vol % 100
20 0 Ratio of Biomass Origin in Product vol % 100 20 O Conposition Propane

Vol % 15.3 24.7.27.1. Propylene Vol 90.1 0.0 0.0, Isobutane vol %27.8 21.8
21, 8 vol 4038 555 §31% TAP St dite R ¥ HHBL 001 Yo't 4 815 6 5 OPeE Vol %
Cont ont. S aSERS S Reok UG (T8 PP 4, 3 Lo R Al d B RPELT fed fudy SUITer

gas ol1ls of Examples achieved a drastic reduction in

CO, emissions.

[Applicability in the Industry]

According to the present invention, there 1is
provided a liquefied fuel gas composition produced from
an animal or vegetable fat-originating component,
which composition is excellent 1in effects to reduce

exhaust gas and CO, emissions.
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Yapor Pressure @OC MPa 0.44 0.56 0.59 Density @5C 1 g/cn2 0.568 0.563

0.561 Corrosiveness to Copper -
Conparative

®.029 NOx g/ km 0.034 0.054 0.068 Wl |

Wheel

gCO2/ M) 0.0 47.8 59.8 Well

t o Wheel

la la la Table 2 Exanple 1 Exanple 2
Exanmple 1 CO g/km 0.174 0.158 0.184 THC g/km 0.011 0.014

to Tank gCO2/MJ 17.6 7.6 9.9 Tank to

gCR/ M) 17.6 55.4 69.7
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Clains 1. Aliquefied fuel gas conposition conprising a hydrocarbon
containing 10 ppm by nmass or |ess of sulfur conponents, 1.0 percent by nole
or nore and 99 percent by nole or |ess of a C3 hydrocarbon, and 1 percent
by nole or nore and 99 percent byTﬁg?ieoF | ess of a C4 hydrocarbon, the

hydr ocar bon bei ng produced by contacting a feedstock conprising a

hydr ocgrbomnm—fTactiom contar i ng; am_aniyrat—or_ Veggerapre fratyand/or_a
conpongnt originating therefromiwith g _hydrocrackin at a|gahpetpe| si ng
at leagt one or nore netals seliected frgﬁ%Tﬁg’dr a%@ﬁi%stEmgnﬁmetM3
Goups |.6A and 8 of the periodicitable lAnd an | norganic oxife
Ratio of Biomass in Feedstock vol % 100 20 0
Ratio of Biomass Origin in Product vol % 100 20 0
Composition Propane vol % 15.3 247 27.1
Propylene vol % 0.1 0.0 0.0
Isobutane vol % 27.8 21.8 21.8
N-butane vol % 56.2 52.5 50.4
Butylene vol % 0.4 0.2 03
Pent vol % 0.2 0.8 0.4
105°C Residue mms ppm 1 2 1
pH of 105°C Residue - 7 7 1
Sulfer Content mms ppm 1 1 46
Vapor Pressure @40°C MPa 0.44 0.56 0.59
Density @15°C g/cm’ 0.568 0.563 0.561
Corrosiveness to Copper - 1a 1a 1a
Table 2
Comparative
Example 1 Example 2 Example 1
Cco 'g/hn 0.174 0.158 0.184
THC g/km 0.011 0.014 0.029
NOx g/km 0.034 0.054 0.068
Well to Tank gCO,/MJ 17.6 7.6 99
Tank to Wheel gCO,/MJ 0.0 478 59.8
Well to Wheel gCO,/MJ 176 55.4 69.7

-26-



with acidic properties, under hydrogen pressure. 2. A liquefied fuel gas
conposi tion conprising a hydrocarbon containing 10 ppm by nmass or |ess of
sul fur conponents, 1.0 percent by nole or nore and 99 percent by nole or
hess of a C3 hydrocarbon, and 1 percent by nole or nore and 99 percent by
nole or less of a C4 hydrocarbon, the hydrocarbon bei ng produced by
contacting a feedstock conprising a mxed oil of a hydrocarbon fraction
contai ning an ani mal or vegetable fat and/or a conponent originating
therefromand a petrol eum hydrocar %&n fraction containing a kerosene -27 a
fraction produced by refining crude-0i3>™fi xed at any ratio, with a
hydr ocracki ng catal yst conprising at |east one or nore netals selected from
the group consisting of the Groups 6A and 8 of the periodic table and an
i norgani c oxide with acidic properties, under hydrogen pressure. 3. The
liquefied fuel gas AonpbdieifdrtdcéBredi rip St 60FRR &tk 1o 2C ARSIl fii Fle
feedstock is brought into contact with the hydrocracki ng catal yst under
hydr ogen aphgsisurea aber cheital comtaadOedpwi b i1 Tea bpde opres seaf iyl foat al yst
containing at |least one or nore netals selected fromthe G oups 6A and 8
met al s of ddigp peenadi £ 1t abperamnderbhydpdgen pressdarend 99 percent

by mole or less of a C3 hydrocarbon, and 1 percent by

mole or more and 99 percent by mole or less of a C4

hydrocarbon, the hydrocarbon being produced by

contacting a feedstock comprising a hydrocarbon

fraction containing an animal or vegetable fat and/or

a component originating therefrom, with a

hydrocracking catalyst comprising at least one or more

metals selected from the group consisting of the Groups

6A and 8 of the periodic table and an inorganic oxide

with acidic properties, under hydrogen pressure.

2. A liquefied fuel gas composition comprising

a hydrocarbon containing 10 ppm by mass or less of sulfur

components, 1.0 percent by mole or more and 99 percent

by mole or less of a C3 hydrocarbon, and 1 percent by

mole or more and 99 percent by mole or less of a C4

hydrocarbon, the hydrocarbon being produced by

contacting a feedstock comprising a mixed oil of a

hydrocarbon fraction containing an animal or vegetable

fat and/or a component originating therefrom and a

petroleum hydrocarbon fraction containing a kerosene
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4. The liquefied fuel gas conposition according to claiml1l or 2 wherein it
Ts a mixture of said hydrocarbon and 1 percent by nple or nore of a
hydrocarbon originating fromfossil oil in an anount of. 5. The liquefied
fuel gas conposition according to any one of clains 1 to 4 wherein it is
used as a fuel for autonobiles. 6. The liquefied fuel gas conposition
according to any one of clains 1 to 5 wherein the content of the residue
at 105Cis 10 ppmby nmass or less and the pH of the residue is 6 or greater

and 8 or |less. -28 .. . .
fraction produced by refining crude o0il, mixed at any

ratio, with a hydrocracking catalyst comprising at
least one or more metals selected from the group
consisting of the Groups 6A and 8 of the periodic table
and an inorganic oxide with acidic properties, under
hydrogen pressure.

3. The liquefied fuel gas composition according
to claim 1 or 2 wherein the feedstock is brought into
contact with the hydrocracking catalyst under hydrogen
pressure after being contacted with a hydropretreating
catalyst containing at least one or more metals
selected from the Groups 6A and 8 metals of the periodic
table, under hydrocgen pressure.

4. The liquefied fuel gas composition according
to claim 1 or 2 wherein it is a mixture of said
hydrocarbon and 1 percent by mole or more of a
hydrocarbon originating from fossil oil in an amount
of;

5. The liquefied fuel gas composition according
to any one of claims 1 to 4 wherein it is used as a fuel
for automobiles.

6. The liquefied fuel gas composition according
to any one of claims 1 to 5 wherein the content of the
residue at 105°C is 10 ppm by mass or less and the pH

of the residue is 6 or greater and 8 or less.

-28~





