DESCRI PTI ON HYDROCARBON | SOVERI ZATI ON METHOD TECHNI CAL FI ELD [ 0001] The
present invention relates to an isonerization nethod of converting
saturated hydrocarbons, in particular straight-chain saturated

hydr ocar bons, having 7 and 8 carbon atons into branched saturated

hydr ocar bons having the sane nunber of carbon atons. BACKGROUND ART [ 0002]

Spark-ignited internal conbustion engine liquid fuel, i.e. so-called
gasoline, is generally manufacturedhsefd@Eidng together petrol eum
fractions obtained by distilling crude oil, or gasoline bases obtained by

processi ng such petroleum fractions. Hydrocarbons contained in a gasoline
general ly have approxing&ghﬁcﬁRhgnlngﬂﬁﬁggngggﬁsmg f803] Cctane number is
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a typical gasoline perfornmance I ndex. Qut ases having as a princi pal
conponent thereof hydrocarbons having 7 or nore carbon atons, nodified

gasol i ne b@ﬁ@ﬁuf%§£0f §s) having as a principal conponent thereof
aromati ¢ hydrocarbons having 7 to 9 carbon atons such as toluene are used

as gasol i ne bases exhibiting a high octane nunber. [0004] For a gasoline

base that hagods) a RbiNGAAtOTRIBRRY ont BT EOLSNYAr g6as baRs haYLng, S and 6
carbon atons and exhibi 'S~ a hi gh oCtane nunber, a manufacturing et hod
i nvol vi ng arethednef i cenveont prne cestoat st «hdwilrobdbarss A iretgdeact iiculwri ch t he

{ nunber i s i . | Caht - chai '
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branched s at ed hydracarbons having the sane nunber of carbon atons
exhi bi t aar%llﬁé%é%c %ncea Thet SO cat al ysts used in such an isonerization

process, (1) solid acid catalysts in which sulfuric groups are supported
on zircoMe&Aéﬁgké&Qszaid acid catalysts that use a zeolite, are known.

[0002] Spark-ignited internal combustion engine liquid fuel,
i.e. so-called gasoline, is generally manufactured by blending
together petroleum fractions obtained by distilling cru_de oil,
or gasoline bases obtained by processing such petroleum
fractions. Hydrocarbons contained in a gasoline generally have
approximately 4 to 10 carbon atoms.

[0003] Octane number is a typical gasoline performance index.
Out of bases having as a principal component thereof
hydrocarbons having 7 or more carbon atoms, modified gasoline
bases (reformates) having as a principal component thereof
aromatic hydrocarbons having 7 to 9 carbon atoms such as toluene
are used as gasoline bases exhibiting a high octane number.
[0004] For a gasoline base that has as a principal component
thereof hydrocarbons having 5 and 6 carbon atoms and exhibits
a high octane number, a manufacturing method involving an
isomerization process is known. This is a method in which the
octane number is increased by isomerizing straight-chain
saturated hydrocarbons into branched saturated hydrocarbons,
this being because straight-chain saturated hydrocarbons

exhibit a low octane number, whereas branched saturated



DI SCLOSURE OF THE INVENTION [ 0005 ] In the case that there are demands to
reduce the anobunt of aromatic hydrocarbons in gasoline as an environnent al
measure, out of gasoline bases having as a principal conponent thereof
hydr ocar bons having 7 or nore carbon atons, the anmount blended in of the
above-nenti oned nodi fi ed gasoline bases nust be reduced, but as a result
the anbunt m xed in of saturated aliphatic hydrocarbons, which have a

| ower oct an@yauedarHohdN hadiagRthe BYAEORARBEPSo:i HLFE&Sestdnfd abingip and
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| sonmeri zi ng gg&gggnb i ning saturated hydrocarbons having 7 and 8
car bon atong ?so-calIeggﬁeggg&%aphtha) I s proposed. [0007] The present
i nventors discovered that, in the case of wusing a specified isonerization

catal yst, i?gge%bgﬁhhoBFcapg Eﬁvﬁﬁﬁﬁbﬁd out efficiently by carrying out
the

reaction w conposition o € raw material limted, thus
acconplishing the present invention. [0008] The hydrocarbon isonerization
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aliphatic hydrocarbons, which have a lower octane number than
aromatic hydrocarbons, increases relatively, and hence the
octane number of the gasoline base obtained drops. As one method
of making up for this drop in octane number, studies have been
carried out into isomerizing straight-chain saturated
hydrocarbons, which make up a large part of the saturated
aliphatic hydrocarbons, into branched saturated hydrocarbons.
[0006] In the present invention, a method of isomerizing
hydrocarbons containing saturated hydrocarbons having 7 and
8 carbon atoms (so-called heavy naphtha) is proposed.
[0007] The present inventors discovered that, in the case of
using a specified isomerization catalyst, isomerization can
be carried out efficiently by carrying out reaction with the
composition of the raw material limited, thus accomplishing
the present invention.
[0008] The hydrocarbon isomerization method according to the
present invention is a method of making hydrocarbons containing
ét least 50 wt.% of saturated hydrocarbons having 7 and 8 carbon
atoms come into contact, in the presence of hydrogen, with a

solid acid catalyst comprising a platinum group metal component



250C, and at a pressure in a range of 0.8 to 10 MPa, and noreover as the
catalyst it is preferable to use a solid acid catalyst in which the
carrier contains alumnumas a nmetal conponent. [0009] Upon carryi ng out
studies into the reactivity of the specified catalyst used in the present
nvention, it was found that if hydrocarbons containing both hydrocarbons
having 6 or fewer carbon atons and hydrocarbons having 7 and 8 carbon

atoms are is&%g@wtéadoﬂsanaafffefa&ﬁéﬂ%onwﬂ% é@%é«‘md'édn%déhe@'a@ the
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the hydrocarbons having 6 or fewer carbon atoms are selectively
isomerized, the hydrocarbons having 7 or 8 carbon atoms crack
and isomerization reaction hardly takes place at all for them.
The present inventors surmised that this is because, with such
a reaction, cations having 3 or fewer carbon atoms that are
‘produced when branched hydrocarbons having 6 or fewer carbon
atoms crack are unstable, whereas isobutyl cations that are
produced when branched hydrocarbons having 7 and 8 carbon atoms
crack are stable, and hence the hydrocarbons having 7 or more
carbon atoms are readily cracked.

[0010] The present inventors tried separating off the
hydrocarbons having 7 and 8 carbon atoms, and reacting these
using the above-mentioned catalyst, and discovered that,
surprisingly, isomerization becomes possible while
suppressing cracking of these hydrocarbons, thus accomplishing
the present invention.

[0011] Specifically, the present invention consists in:
[0012] 1. A hydrocarbon isomerization method of making
hydrocarbons containing at least 50 wt.3% of saturated

hydrocarbons having 7 and 8 carbon atoms come into contact,




conponent selected fromthe group consisting of tungsten and nolybdenum

[ 0013] 2. The hydrocarbon isonerization nethod according to 1 above,
wherein the isonerization reaction is carried out at a tenperature in a
range of 190 to 2500C. [00141 3. The hydrocarbon isonerization nethod
according to 1 above, wherein the isonerization reaction is carried out at
a pressure in arange of 0.8 to 10 MPa. [0015] 4. The hydrocarbon
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[0015] 4. The hydrocarbon isomerization method according to
1 above, using a solid acid catalyst inwhich the carrier further
contains aluminum as a metal component.

[0016] 5. The hydrocarbon isomerization method according to
1 above, wherein reaction products obtained through the
hydrocarbon isomerization method according to 1 above are
separated into a fraction containing predominantly branched
hydrocarbons and a fraction containing predominantly
straight-chain hydrocarbons, and the fraction containing
predominantly straight-chain hydrocarbons is taken as a raw
material.

[0017] According to the present invention, by efficiently
isomerizing saturated hydrocarbons having 7 and 8 carbon atoms,
a base having a high octane number can be obtained at a high
yield, and as a result the aromatic component in a gasoline
can be reduced without bringing about a drop in the operational
performance of gasoline engines.

[Solid acid catalyst]

[0018] The solid acid catalyst used in the present invention
comprises platinum group metal component(s) supported on a

carrier that contains as metal components at least one group




conponent. The content of the group IV netal conponent(s) in the catal yst
Is preferably 10 to 72 wt.% particularly preferably 20 to 60 w.% in
terms of the weightof the netallic elenent(s). Mreover, the content of
the group VI netal conponent(s) in the catalyst is preferably 2 to 30
mﬁ.@b particularly preferably 5 to 20 wt.% nore preferably 10 to 15

.% in terns of the weight of the netallic elenent(s). It is preferable
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[0019] In addition to the oxides, which may be oxides
including hydrated oxides, the carrier may contain other metal
component(s) such as boron, magnesium, aluminum, silicon,
phosphorus, calcium, vanadium, chromium, manganese, iron,
cobalt, nickel, copper, zinc, gallium, germanium, yttrium,
niobium, tin, lanthanum and cerium either alone or as a mixture,
or as composite metal oxide(s) such as zeolite(s). In
particular, the catalyst carrier preferably contains 3 to 30
wt.%, particularly preferably 5 to 25 wt.%, of aluminum in terms
of the weight of elemental aluminum. Furthermore, to improve
the performance of the acid catalyst, halogen(s) can be
included as required. The catalyst does not necessarily have
to contain a sulfureous component, but in the case of containing
a sulfureous component, the proportion of the sulfureous
component in the catalyst is generally not more than 0.1 wt.%
in terms of the Weight of elemental sulfur. The sulfureous
component can be supported, for example, by contacting a
sulfur-containing acidic compound with the support followed

by heat treatment at a temperature of higher than 300°C but



sol ution such as an aqueous solution. [0020] It is preferable for a
zirconi a conponent, which is a group IV netal conponent, to substantially
conprise tetragonal zirconia. This can be verified by powder X-ray
diffraction, specifically fromthe diffraction peak of tetragonal zirconia
at 20 = 30.20 using CuKcx radiation. It is preferable that the zirconia
conponent be crystallized to such a degree as to confirmthe

crystal | i zatiicwedy-hahegold 1d I agtdsh aPakruANLoRe binbg ozd L 3q be
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Mor eover, i FRlRFidsg anchihess apupewade ondprentusad agr theyt are dheasaari er,

it is preferggah@fy 44 %Isu%ngqu gulke sohYyghal ine, with it being
particularly preferable for the alumna 30 substantially conprise
y-al unina. [[@®20] Thetsbs inrefsnhida dopsa efircheipreseponenyventhieh is

contains at 5l e3%kyPRS MRkah %%hﬁghgﬁtfrgg]EH35953§??§3§f5§%$?§aF0f pl ati num
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undesi r abl eafdegtrae g atd nomEignotipe RatyalitQaNReRGRI BYNEIRNTA it RRedRm | ow,
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pore volume of L0en53 2LYShnia at 20 = 28.2° (528) to the area of the
diffraction peak for tetragonal zirconia at 26 = 30.2° (S30)
is preferably not more than 1.0, particularly preferably not
more than 0.05. Moreover, in the case that an alumina component
is present in the carrier, it is preferable for the alumina
to be crystalline, with it being particularly preferable for
the alumina to substantially comprise y-alumina.
- [0021] The solid acid catalyst of the present invention
contains at least one metal selected from the group c¢onsisting
of platinum group metals. Here, platinum group metals are
platinum, palladium, ruthenium, rhodium, iridium and osmium.
It is preferable to use platinum, palladium or ruthenium,
particularly preferably platinum. The proportion of the
platinum group metal component(s) in the catalyst (the mean
of the platinum group metal component concentration) is
~preferably 0.01 to 10 wt.%, particularly preferably 0.05 to
5 wt.%, more preferably 0.1 to 2 wt.%, in terms of the weight
of the metallic element(s). It is undesirable for the platinum
group metal component content to be too low, since then the

catalytic performance improving effect will be low. It is



[0022) It is preferable for the platinumgroup netal conmponent (s) to be
crystallized - This can be verif ied by powder X-ray diffraction through
the distinct diffraction peaks of the platinumgroup netal (s);
specifically, in the case that the area of a diffraction peak produced by
a sufficiently crystallized platinumgroup netal is taken as 100% it is
preferable for a peak of area at |east 30% particularly preferably at
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strengt h of Mblreocvalral yae cigsahllieast dlafeker @rﬁh@:jﬁi@tﬂblllﬁ ?toﬁgast 2.0
r

kg, in terns  of the.side crushing strength of cylindrical pellets of 7
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preferably 1 to 10 nm.
[0023] The specific surface area of the solid acid catalyst
is preferably 50 to 500 m*/g, particularly preferably 60 to 300
m’/g, more preferably 70 to 200 m*/g. The specific surface area
can generally be measured using the known BET method. The pore
structure of the solid acid catalyst of the present invention
can be measured by a nitrogen adsorption method for a pore
diameter range of 0.002 to 0.05 pm, and by a mercury porosimetry
for a pore diameter range of 0.05 to 10 um. The pore volume
for a pore diameter range of 0.002 to 10 um is preferably at
least 0.2 cm’/g, particularly preferably 0.25 to 1.0 cm®/q. The
median pore diameter in a pore diameter range of 0.002 to 0.05
um is preferably 50 to 200 A&, particularly preferably 70 to
150 A.
[0024] Preferably, the solid acid catalyst is not a powder,
but rather has a shaped ’‘pellet’ shape; pellets of size 0.5
to 20 mm can easily be obtained, and generally a mean particle
~diameter of 0.5 to 20 mm is preferably used, particularly
preferably 0.6 to 5 mm. The mechanical strength of the catalyst
is at least 1.0 kg, more preferably at least 2.0 kg, in terms
of the side crushing strength of cylindrical pellets of



[ 0025] There are no particular limtations on the nethod of manufacturing
the solid acid catalyst, but to give an exanple, a manufacturing nethod
can be used in which the group VI netal conpound(s) is/are added to a
powder (hereinafter referred to as the 'precursor powder') of hydrated
met al oxide(s) and/or netal hydroxide(s) that constitutes a precursor of
the nmetal oxide(s) that is/are the group IV netal conponent(s) in the

carrier, andikmeaehrng, sshapi ng and calcining are carried out to produce
the carrier, and then the platinumgroup netal(s) is/are supported on the
carrier. Her[BIreﬁQPfiePde@BPifBFﬂ'-BﬁlﬁBI ratpdygtien for this nethod, but the
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metal conpoulel(safrier, mixing in the group VI metal component(s),
supporting the platinum group metal(s) and so on can be
modified.
[Precursor powder of Group IV metal oxide]
[0026] The precursor powder of oxide(s) of group IV metal(s)
selected from titanium, zirconium and hafnium becomes the metal
dxide(s) constituting the carrier through calc¢ination after
shaping; the precursor powder may be manufactured in any way,
but generally can be obtained by neutralizing or hydrolyzing
metal salt(s), organometallic compound(s) or the like, washing
and drying. Zirconium hydroxide (including the hydrated oxide)
is preferably used as the group IV metal component precursor
powder. It is preferable to add a hydrated alumina such as
boehmite to the precursor powder. Furthermore, composite metal
hydroxide(s) and/or composite metal hydrated oxide(s) can also
be used in the precursor powder. The amount added of the group
IV metal oxide precursor powder is preferably such that the
~ content of the group IV metal component(s) in the solid acid
catalyst ultimately obtained is 10 to 72 wt.%, particularly
preferably 20 to 60 wt.%, in terms of the weight of the metallic

element(s).



[ 0027] Exanples of the group VI netal conpound (s) are oxides, chlorides,
sul fates, nitrates and so on of tungsten or nolybdenum but a

het er opol yaci d of tungsten or nolybdenumis preferably used, and a
tungstate or nolybdate is nost preferably used. The group VI netal
conpound(s) may be used as is, or as a solution such as an aqueous
solution. The group VI netal conpound(s) may be in a solid or liquid

state, and [Gheup @remekse egmggﬁha@gb?r limtations on the concentration
of a solutiogn, wth it being possible olgregare the solution while
e

consi der i ng [PR&7AnoFrHamRlad Pt vhareyni 8l qampounsdd&di de /¥.Aes on.
The amount added:gbst hgudkauBs)! nﬂgiakescgmoy?dé@)ofSuﬁ&{éswjeé@béﬁ' made to

be such that the confent of the group V1 neta nponent Inthe solid
aci d cat al yBelyhfenaae byt shhaitasaprpivacid b tmnogtepr ef aralylydenum i20

w.% partied r abLy41 A e | fs i ght of
the group VF rrgtégjla%llg g%%ﬁén% g)Q f%égﬁ%{\%a] 8r[@%§§f&%‘%r%§ glr?%&?]o .
particul ar Prafersbérsusads hBh& ngweliipgI meetwl, canpdund(sheimay pessisielde t o
use a knead n y i | yst...pr. rati e |, 1t is
preferable tg%) %ése'e%rrggﬁe?ho |tnld\;\l}1|§gkﬁt %L'sé arrgv?/%%aogtrsi %?%“%?%‘gp[}ﬁ{eﬁ%gu he
kneader, avV&ohgbal sowhousd(w} emay shadideds saildidk meadiingiids starte,edndut

using agitatjng.ll ades. P %%? e.are nNQ_p r%LcuIar limtation n the
order of pufting in t%hesor g\%)v %%?"gjl@sr 2&5113‘3 RERC tlﬁu‘;loﬁﬁef’% a%r’ré’&di ng,
wat er i s gedEralsolwddey adthhit dimiey pestsitied teopyepire ilie aplatdani C
sol vent sucQ¥ e oL, .isopropanol .. aceto nmet hyl eth {eto e, or
net hyl i sobl Jf‘/tfe é%ﬁ%ﬁceleﬁﬁr)}gb h%a%f%%ﬁntl'h%ﬁ%?r;ﬁ%ﬁja?rhr%eweﬁg He 1“ﬂ?ﬁeadi ng
and the knkaeadingiardvaoyoaccOiiai agoumt tddigd esfirgas powervoimetyidr at ed
met al oxi deég%%and/fr net al 5&ydr ii dega% th%ﬁaconztiﬁut es a raw material
and sul f urCPRTEARY DRF r?Ea?) y madf ke (fesECS ERAb ThE Gonthent of
limtationstlse domgp a¥Ithesel cansbrié@nss Aren Stied ddlatd adireierailysstpore
structure can be obi ai rLed.. Siéri.l arlé/, aoci ds such as nitric acid, bases such
as ultimately optdined is 2 to 30 wt.%, preferably 5 to 20 wt.$%,

particularly preferably 10 to 15 wt.%, in terms of the weight

of the group VI metallic element(g).

[Kneading]

[0028] There are no particular limitations on the kneading

method, with it being possible to use a kneader generally used

in catalyst preparation. In general, it is preferable to use

a method in which the raw materials are put into the kneader,

a solvent such as water is added, and kneading is carried out

usingagitatingblades,butthereareru:particularlimitations

on the order of putting in the raw materials and additives.

During the kneading, water is generally added as the

above-mentioned solvent, but an organic solvent such as ethanol,

isopropanol, acetone, methyl ethyl ketone, or methyl isobutyl

ketone may be added. The temperature during the kneading and

the kneading time vary according to the precursor powder of

hydrated metal oxide(s) and/or metal hydroxide(g) that

constitutes a rawmaterial and sulfur-containing compound(s),

but there are no particular limitations so long as these

- conditions are such that a preferable pore structure can be

9



amoni a, organi c conpounds, netal salts, ceramc fibers, surfactants,
zeolites, clays, and so on may be added when carrying out the kneading, so
llong as this is within a range such that the properties of the catal yst of
the present invention are maintained. [Shaping] [0029) There are no
particular limtations on the nethod of shaping after kneading, with it
bei ng possible to use a shaping nethod generally used in catalyst

prepar at i on.opud R, 84hd@iariit acsupg eheipRken i Or VS8 &H T Y ggge S @H'Jy

using a screw extruder or the like, since Sshaping into 'a desired sha
such as peIﬁ@M?nkﬁv aﬂﬁ@ﬁeyb§ﬁﬁpeand§e m&tﬁﬂeéad@Ereﬁeremeﬂtfybefhere are

no part! culsdr dadBalitly 00202 (kS 8126507 ablC3NBROMaf" bLoLEach mehl

general the shaping is carrle olt "to*a’size suc eng
Cross secti @@rdﬁfltflme Oslﬁaped kneading | ssd. 1ot as2@him iFowiekampd e:ange t he

case of cylig p neL.a n having anet er

10 rm and a engtat T %Ebgégﬁﬁgg 8t &ggtgafgiﬁﬁg 8gng%% %5?3?ﬂ£d eaS|Iy
[ Cal cining amw@mtsn@pmm@]mp@ﬁﬁ@}néﬂter t he shaping, calcining is carried
out in an . ﬁggﬁre of a gas such as air or nitrogen, although it is
partlcularl§ pr ble to carry out the calcining in air. The calcining

t enper at ur e [P8R2IBgs aTlareiarg ho pawtmlhbarcmmmﬁhgnnstendtheqmsstm&fbﬂs t he
cal ci ni ng t| and t rate but eneraII Oto

|
9000C, pr ef &f S’Ilf/’gS?J% ?%%%Bé%g’%%t By c}i)ﬁ?";lu‘é Ptcis Y%?S&%éﬁtﬂ%q o the

ot her cal ci memgodcgederablgs u%@@hlﬁ&:amm @i g’aﬁaftiﬁﬂerﬁ& Wad-taiReh 1t gas
circul ation. nera greferabl 05.to 2 0 hours,

particul arl fr Pefegﬁmgég%cl%sﬁﬁ f Hrsé-onrﬁﬁ PR PELREI4/SBrev exhmdedir .
[ Suppor ti ngoeftipd atiikieyms gh6e B hagtialg( Shio (D@34l réhes glubhNgs 1t1fé@cs

pIatlnun1group taI% % n the calciped carrier can be carried out

preparlng 3 Euﬁ PRFYGOTD can be carried out efficiently. There are no
particular limitations on the size of the shaped article, but
in general the shaping is carried out to a size such that the
length of the cross section of the shaped article is 0.5 to
20 mm. For example, in the case of cylindrical pellets, in
general ones having a diameter of 0.5 to 10 mm and a length
of approximately 0.5 to 15 mm can be obtained easily.
[Calcining after shaping]
[0030] After the shaping, calcining is carried out in an
-atmosphere of a gas such as air or nitrogen, although it is
particularly preferable to carry out the calcining in air. The
calcining temperature varies according to the other calcining
conditions such as the calcining time and the gas circulation
rate, but is generally 400 to 900°C, preferably 500 to 800°C.
The calcining time varies according to the other calclning
conditions such as the calcining temperature and the gas
circulation rate, but is generally preferably 0.05 to 20 hours,
particularly preferably 0.1 to 10 hours, more preferably 0.2
to 5 hours. |
[Supporting of platinum group metal(s)]
[0031] The supporting of the platinum_group metal(s) on the

calcined carrier can be carried out by preparing a supporting

10




liquid containing the platinumgroup netal (s), and then inpregnating the
supporting liquid into the carrier. Chloroplatinic acid,

di chl orot etraanm ne plati num tetrachl orohexaanm ne plati num and so on
can be used in the supporting liquid. Regarding netal conponent(s) that
can be selected as the platinumgroup netal conponent(s), platinum
palladium  rutheniumand so on are preferably used, with it being

particul arl mahetieeealtelhengsehel ?!liaﬂ!iﬂhm'\/e%ﬁ eﬁa&hﬁp ) P! eﬁanﬂ@aﬂr oup.

met al conponent (s) confain other group ohent
preferabl e tlﬁlpéﬁﬂntaﬁé§§ fFBEaFuUBBAEbELAL éégulduéht@hhhet%rreﬁél- amount of

the platinu on alyst is 0.01
to 18 wt . % Ehgg?ﬁe(l:l%%%? y ﬁe erggfjﬁﬁérsge£;gggaﬁhh%;ﬁ%gléﬁlglﬁéferabl y 0.1

to 2 wt.% tﬁtﬂ-’éﬂhéoephtaheamngmpbatuhemrreaxad lScc osl eamnbe(w$ed [D03R]

There are "Su gg&gt‘igéahhhﬂht kL Qéd_‘i’ﬂ %tgft &g@é’ﬁenﬂ e&?ﬁ‘%'%t%e

supporting I's can e care spra | Mer sion or
the |ike. Aseépcthd asprleympdtatamum g‘mhpl meaalocmmwmte(rsaj,l Yo ledtriiweg out

by drying, ' e.calcinin [ ure varies .ac ordlng
to the ot hérghg ﬁ%p%i' ngﬂg%%g ﬁlﬁoﬁsgsuéhé’lgsa]f%%’% #E)cﬁ%}?a]ry %qg, ‘B]utih &
general | y pbefiegabhyt 800140l BANET exprilie tul asbypmeimmblm]%efp t3200C,
nor e prefer 0. 7000C . The cal ci arie according . tq the
ther "ol oi BrabROR drbeEeGa e o Rt e d iy Sonfa ot s ERtRh i)
preferably GoﬂﬁonenEOsmouns is pﬁéféﬁab;ﬁeltyo RIS ehabé)ndxdl temddirlsy, nore
preferably Q

Prererabl Bin, bRoPo LB Bochl hABRE! SEOBRE, BPACTRT it IRagal o1 10
heat treat nechpshehtas) cahcilné r@olmtm@tmamsm@m@mrﬂdﬂgd Re a3t al yst
carrier. The_d Xing and calgégin re carried out in an atnDsphere of a
gas such asp‘aﬂr; ot ﬂF?yoﬁlé‘ﬁ %?f%o‘ﬁg(ﬁ;ﬁf i3 Warti QNS BFSHetaEtabl% 1t o
carry out the ZmytiJsig imndegmbconitige leél@ihﬂ: oftthé Imﬂlqrﬁbleqemrﬁqrsry out
reduction [SO?ZSt % rgr%f a%lerngopna;[rafllnéunlar %.Ciin?_ %I%lonlssgrqeélllé%étohnoc{ %%Ct ' on]

impregnating the supporting liquid, but this can be carried

out by spraying, immersion or the like. After the impregnation,

stabilization is generally carried out by drying, calcining

and so on. The calcining temperature varies according to the

other calcining conditions such as the calcining time, but is

generally preferably 300 to 800°C, particularly preferably 400

t0800°C;mdrepreferablySOOto700%3.Thecalciningtimevaries

according to the other calcining conditions such as the

temperature, but is generally preferably 0.05 to 20 hours,

particularly preferably 0.1 to 10 hours, more preferably 0.2

to 5 hours. It is preferable to carry out the calcining at the

same temperature ag or a higher temperature than the

temperature of heat treatment such as calcining in the step

of manufacturing the catalyst carrier. The drying and calcining

are carried out in an atmosphere of a gas such as air or nitrogen,

although it is particularly preferable to carry out the drying

and caleining in air. It is preferable to carry out reduction

in a stream of air containing hydrogen.

[Isomerization reaction]

11




11 [0033] As the hydrocarbons that constitute the raw material of the

| soneri zation reaction of the present invention, hydrocarbons in which the
total anmount of saturated hydrocarbons having 7 and 8 carbon atons
accounts for at least 5 0 w. 9% preferably at least 7 0 wt. % of the
entire raw material are used. O her conponents than the hydrocarbons
having 7 and 8 carbon atons in the raw material are hydrocarbons having 9

or mOT e car hggadh O $HACRyYIEAEAERONSNEYIIELT ol £RE AL B ,ALGTS can

be isonerized bﬁ ot her easi nown rea I on procedur €s S
i nvention, Pheyharésevpaiaatdonr seacthenraw hheeprwem‘o jareveme:cbmn t he

| soneri zati | nye e par cess.
Ther ef or e, ?ﬁg%cg\%bﬁg eﬁ{ {Hl#g{r} ?ﬁg f:égﬁliarlg%a Fon® fs?ﬁ'll%a?% ention is
subst anti al hydroeerbonmﬂwﬁrmé’r 808 kavribog Stoms Immﬁ-rsbﬁar #@t Gemsand t he

I nclusion o I Ie s.than 10 . % .. As terla
hydr ocar bonfg u%sl%d ﬁgte%%g Eg\ye?ﬁ &?S Z{b %qé\/%ﬁlofqa%‘sf ﬁg%flfﬁc]f?‘%ﬁla&_ﬁr&l

from crude ark ursedhg Oa:rtetxppbmponphaattmn aHd tiydiroedrbahsl Naving ra@kﬁr or
i f necessar ct, on abtained_ b rthe distil atlo ration of
such a heagyg% I?haatc?l?sac]ﬁ %ﬁ’e Eﬁf‘fy’ﬂ@%ﬁgéa rlé%ﬁ% Vg 9

hydr ocar bononuﬂoxsa/mhlﬁzsm aedmishr olghe & ah:obaauehaqxaﬁmcps o Pays Bakpoal gas,
or a hydrocarbon oil obtained b%ﬂﬁrac such  a saturated hydr ocar bon

oil, can al 8b5°B8 TARMC aLSPRRTT Wét‘é\: SF . e3P ke 18R M re of the

i soneri zat i pRo¢easté® R Hah tﬁaefcﬁralbiy Pt o3 0thepaiid sethaFd vedrebar abl y
200 to 225C.. At below such a tenperature range, the isonerization reaction

does not subRfaht¥drMiehtoteld, Panised ke %%Qf‘b%l?]a%f’lﬁ’é’f% &ge-hiss

exceeded t hefivefitdn hdrir@tdd/ ltna&egeghﬁg é’r@é@é@r allfer JERAYE ehet he
LHSV (liquid hourl ace velocity) is , and a pref, erabl e
range. of theAWyHRY %}‘éﬁ%‘ P FakRe | Ja?°W%¥+¥)a1F%°n oie Bhigh invantian difount of

?gfi re ?.gﬁnclo sSlg%]sé%flgﬁialmtffé@ Wi hyhi® oedrWbaLeh 40 $AY U &2 d (ERMRARBRLS
qgtoms and the inclusion of such hydrocarbons is less than 10
wt.%. As the raw material hydrocarbons used in this invention,
a heavy naphtha fraction obtained from crude 0il using a topping
plant or a fluidized catalytic cracker, or if necessary a
fraction obtained by further distillation separation of such
a heavy naphtha fraction, can be used. Moreover, a saturated
hydrocarbon o0il synthesized through coal liquefaction or from
natural gas, or a hydrocarbon oil obtained by cracking such
a saturated hydrocarbon oil, can also be taken as the raw
material.

[0034] The temperature of the isomerization reaction is
preferably 190 to 250°C, particularly preferably 200 to 225°C.
- At below such a temperature range, the isomerization reaction
does not substantially'proceed, and if such a temperature range
is exceeded then cracking primarily takes place. A preferable
rangeoftheIHSV(liquidhourlyspacevelocity)isO.2t010/hr,
and a preferable range of the hydrogen/raw material ratio is
one such that the amount of hydrogen is at least that required
to saturate unsaturated components (olefin components,

aromatic components) contained in the hydrocarbon rawmaterial,

12



aromati ¢ conmponents) contained in the hydrocarbon raw material, 12 with
0.01 to 10 nol/nol being particularly preferable. (00351 The anount of
noi sture present during the isonerization reaction is preferably small.
The amount of noisture in the hydrocarbons is preferably not nore than 15
ppm nore preferably not nore than 10 ppm particularly preferably not
nore than 5 ppm The anobunt of noisture in the hydrogen is preferably not

more than 1gipamo.oor Qoprl@f @6ab k1 B@E‘.nﬁDbﬁrEEéﬁléglgpgfeﬁéfébfﬁ| arly
preferably not _nore than ppm such a range,

hydr ocar bond 9085 Isuﬁ%i?%s@wnfarmf H‘éh’eféilmfe Rﬁ%ﬁ!ﬁedﬁmﬂd\%d@ﬁbon yi el d and
the [iqui dl%bﬁb?lbﬁ%&%ﬁs%ea[:gggg) Ehﬁgéfegﬁgiﬁpéhgﬂlre@ﬁé' ?ﬁﬁ Cgfried

out under a pressure of prefera artrcalarly preferably
1. 0 to 8 Maiskpre BﬁetéﬁabY§rQC@qunﬁF®S pxeﬁer@blemﬁtemqnﬂuphantﬂie

Yo Qo PP gl ! hopBcorerRraney! Ao ohD0-CERGK To BBR NEREE G gy Iul

yield wll OSSIb 0 Sépara Featt 1 on oduct s
obt ai ned frﬁﬁﬂfﬁﬁah&ﬁr@@’arm itdemebi ppm i dPherstimatht pfomaisfuaetimrethe

contai nin a r fractiqn i.ni ng
predom nagt ﬁgag?%ﬁg}q% %ﬂ%fﬁggg%roca %%%sgﬁgﬁd?g h%%ﬁté'ﬂ‘%’iﬁ (?lft F':b?f _
isonerizatlDﬂttmkrﬁgthahelﬂrppm;omartmm&&awlm)$Memeﬂbmyuﬂq¢.$kﬂaigﬂkﬁph?|n
hydr ocar bon the,r er An_ex | e e sonerd zatipn reaction
aéparatus |§ gﬁo EF gg;gag gﬁgehyﬁF%%gﬁﬁ%nofaﬁﬁﬁa?%¢¥%ﬁ ALRPIG - Suppl i ed
hydr ogen 1lsap§rbsshd |mmdddunaﬁ1ﬂnibrandﬁbﬁdhgﬂkﬁgaﬁb@ﬁfﬁi&ﬁdZﬁuiQhkeduce
t he anpunt |stui§ and are then introduced into a first reactor 30

char ged mnt%lgﬁ chtd incﬁﬁa?g'the i somerization is carried out. The

products frpoo3ég fmmﬁ:nsamﬁnﬂzaalo@ree@emab@tq@ icarrdegepataungercal uim 40
into an unreacted co ne 41 t st has . not been isonerized and contai ns
d

pr edoni nant PYERFYAEF ;gﬁ-q¥a ot drhdfsMPa - PR 1T Ak PA2IEK AP 1 as

been isonerlzedcaBdPa, more preferably 2 to 4 MPa. At below such a range,

the hydrocarbons will become prone to being cracked, and hence
‘the liquid yield will drop. | |
[0037] It is possible to separate the reaction products
obtained from the hydrocarbon isomerization method into a
fraction containing predominantly branched hydrocarbons and
a fraction containing predominantly straight-chain
hydrocarbons, and then carry out further isomerization taking
the fraction containing predominantly straight-chain
hydrocarbons as the raw material. An example of the
isomerization reaction apparatus is shown in Fig. 1. A
hydrocarbon raw material 10 and supplied hydrogen 11 are both
introduced into a dehydrating apparatus 20 to reduce the amount
of moisture, and are then introduced into a first reactor 30

- chafged with the catalyst, where the isomerization is carried
| out. The products from the first reactor 30 are separated in
a separation column 40 into an unreacted component 41 that has
not been isomerized and contains predominantly straight-chain
hydrocarbons, a gasoline base 42 that has been isomerized and
contains predominantly branched hydrocarbons, and a gas

component 43 that contains hydrogen, and also methane, ethane
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cont ai ns predom nantly branched hydrocarbons, and a gas conponent 43 that
cont ai ns hydrogen, and al so net hane, ethane 13 and so on that have been
produced t hrough cracking of hydrocarbons. The unreacted conponent 41 is
m xed into the hydrocarbon raw material 10, and hence is recycled, once
again becomng raw material of the isonerization reaction. The gasoline
base 42 is blended wth other bases, whereby a gasoline product is

manuf act ur edndTe @astBaRPAACBL bddni freqnakat edrbh hacP%@ﬁﬂﬁiﬂafeparafion
colum into_a hydrocarbon gas 51 and _hydrogen 52 ?o be recytled, and the

recycl ed hy@¥8§8Ras5ons . FhgcHnraeetedeCenppneall fldivgeixad bmo hehee
reused. Not gytikabarbhat €88 maf C 'p oqﬁgg dt is
al so possibFe tqageparatefy S?gggd£0agggggﬁge%gggkggy?ﬁgg's OW%%%ﬁgﬁarged
with the caP&F9Bingakavs uprthEiatapfythet isevesitanionreadt idre. ubheact ed

conponent 4%a98i§ne%ﬂ§4P'i%cﬁ(?{dé?i\'w%hﬂﬁ%%é@ G %I%lgf%%'asao i'sse? _

drawi ng showi ng an enbodi nent of an "isomerizati on feac pa
BEST MODE FRROGCARRYI N@QUT arrE nedvERTE Qe $ Go8Gjorfoit d3i by separatd in

det ai |l ed degchipl-bQant : agyj hod urjn article
di aneter of a glgngggtgégggg%%ﬁﬁic e@?n[%%gé]g %ﬂg%%%ﬁllﬁgﬁggifr$% out
by a wet nehydregent52neo hioel tedymled Mandtitee pantdlede hyidze gamalsgz ds made
by Ni kki so Lhd YLt IS t owder is_dispersed in ter,
a |l aser bealfnngfegdilr r ang\tée P%loeﬁégfgg%n% %E I ‘%%Fsasggafb‘f‘?‘&? &hatyng
particle siiesteafysf srecyching echeutntsiatged heomdowerr d1scdtt dsed Ilsioght .

[ Met hod of i 0, sfructure] [0041] The specif ic surface area and
t he pore stﬁ%?%&?ieg%(? é%p%%a}teé@ eﬁ#scf“[e]rcg? Aggeeciﬁncg.r(?@ftf’a dNE% SRCHEe
measur ed byckafded with the catalyst, and further carry out isomerization

of the unreacted component 41 here.

BRIEF DESCRIPTION OF THE DRAWING

[0038] Fig. 1 is a drawing showing an embodiment of an
isomerization reaction apparatus.

[0039] Following is a more detailed description through
examples.

[Method of measuring mean particle diameter of agglomerate of
particles]

[0040] Measurement was carried out by a wet measurement
method using a Microtrac particle size analyzer made by Nikkiso
Co., Ltd. With this method, the powder is dispersed in water,
a laser beam is irradiated onto the flowing agglomeratéd
particles, and particle size analysis is carried out using the
forward-scattered light.

[Method of measuring pore structure]

[0041] The specific surface area and the pore structure for

a pore diameter range of 0.002 to 0.05 um were measured by a
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ni trogen adsorption nethod using an ASAP 2400 neasuring apparatus nmade by
Mcroneritics. For a pore dianmeter range of 0.05 to 10 m neasurenent was
carried out by a nmercury porosinetry using an Aut oPore 9200 neasuring
apparatus nmade by Mcroneritics. [Method of neasuring nmean crushing
strength] [0042] The side crushing strength was neasured using a sanple
obt ai ned by extruding into a cylindrical shape, drying and calcining

using a t ablifite rJgesh aRisldript ilots i@t nolHu %gp 9!03°M§H§u§%%s oey.

Ltd. A neasuring ‘probe having a circul ar et er
The oper at i PP adaSr Sﬁﬁﬁg Ty tM i e idite st . Byrp@mnﬁgduhmeitreasnangg @ff obe

t the Cont he_side of the cylind ted 20
(e, and T8 oad wdllc BERGRERIGN T WRERAFEGR BRCCBY ofyREFCLBBAS] A

powder of rr@@iroﬁamerta.Weuailagelaar AGt8Porebsad dededyur thy i aygpacanes qnadéd y

sold dry zi . Mﬁr e was used as a hydrated zirconia powder.
Mor eover, %?021'1%?8‘ Ilg)isgl ‘d pseudo-boehnite powder having a nean

particle di dm&epdobflﬂmasmangsmdaascauhhdingt sdrahglﬁh[pa powder. 912 g of

he hyd ' dd he _hyd d
poucer . 805 1 QCRPTarmuht SHCRL AT RSt AE5CRALR R RRoRARAY S SRR ng-

was carriedobmalnsdngyaekmead&ngemﬂtﬁpadcyﬁihdrigala@h@geb|@ﬁfﬁné ghd4 5

m nut es mhils adding wat er . T@e E aded erial obtained was extruded
using an ext GH&P RSy RETAd & tARAFEC ‘b%li'ﬁr%glh?y deshEter Tfi‘%%??o Hastem
cylindrical bgetdpima Saanrgd her.i dmydng; WessGRLhGQkdBe hatihg0s citdfiSlar

obt ai ni ng d%é ﬁf%L é%ﬁ;Ng sone of the dry pellets weré cal ci ned at
800C for PHY boalhi¥e 4SedrrThe OA)eI[WAJ] OFHRAEEY FREOUA t hus
f or med consmaaedr@meﬁyl by Pustiiing &han@éa@ﬁrﬂ?@rpr@b@&ésinét%ﬁ@&i&é@an

| ength 4 nm__and the. nean crushin%strenth was 1.9 The specific
surface aref® bRethide A% itde gRide fGPaH‘izﬁamP&ﬁdW@ﬁef%Rﬁ%t%l MRS 2 pore

dianeter raage ©heOmB89R #8s1l8aM-wdst8432 n/g. The median pore
' [Preparation of catalyst]

[0043] A powder of mean particle diameter 1.5 um obtained by
drying commercially sold dry zirconium hydroxide was used as
a hydrated zirconia powder. Moreover, a commercially sold
pseudo-boehmite powder having a mean particle diameter of 10um
was used as a hydrated alumina powder. 912 g of the hydrated
alumina powder was added to 1544 g of the hydrated zirconia
powder, 808 g of ammonium metatungstate was further added, and
kneading was carried out using a kneader equipped with
agitating blades for 45 minutes while adding water. The kneaded
material obtained was extruded using an extruder having a
circular opening of diameter 1.6 mmto formcylindrical pellets,
and then drying was carried out at 110°C, thus obtaining dry
pellets. Next, some of the dry pellets were calcined at 800°C
for 1.5 hours, thus obtaining a carrier A.
[0044] The carrier A thus formed consisted of cylindrical
shapes of mean diameter 1.4 mm and mean length 4 mm, and the
mean crushing strength was 1.9 kg. The specific surface area

of the carrier A was 101 m’/g, and the pore volume for a pore

diameter range of 0.002 to 10 um was 0.32 ml/g. The median pore
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15 dianmeter in a pore dianeter range of 0.002 to 0.05 Rmfor the carrier A
was 105 A*. (0045] An aqueous solution of chloroplatinic acid (H Ptd.)

was supported onto 125 g of the carrier A by spraying such that the anount
of platinumin the catalyst would be 0. 5 w. %. Drying was carried out,
and then calcining was carried out at 680'C for 0. 5 hours, thus obtaining
approximately 125 g of a catalyst A [0046] For the catalyst A, the nean

crushi ng st 2 4t 1,0, | Nixd ok N yst A
s 33, 0" Wi peRetiin Ta ol d fReROPIRLEPIE N 07 T03 gb b o iRl
proportion C8FrartnPn¥afad 02320 wt.%in terns of the weight of el emental

al um num t pord.i t a _ %in tLerms
of the wei gEtgog??el fn%%{ﬁa‘gﬁﬂgé’t%%?né%tﬁ@f@’g‘?‘giﬁ%? [ on%l%a (#Z?F/%i n
conponent WHSSNHRPPRFeed patc0l 2019 wif. the dvmsereh byt kpragéonnf seck titfadce

area of theggat d{% t]jgrgz / for, por l.anet er
range of Ogggatﬁ% téﬁl\,@gas : nf’,rliﬁ eg?ggﬁg%ﬁé'yoqnlelﬁ% Ogér‘gtara?e‘g’ 9n a
pore di anet eas cangeedfobt PO02nd otk T i bEingl hsACarklleavyubapbt figo°c

i somer i zati r | [,004 f. the catal yst al yst _A)_.that had
been graded %Fo@'gsg%)bg?%ﬁ uﬂg%g ]853;%%8 Ic')Lé1 % W%%%ﬁl%yﬁ%l-éjaﬁe% %’%s? é%“é: a\%&? e
charged inke a fixed-bed flow type reactor of length 50 cm and inside

di ameter 1 d te retreat t,. .a hydrocarbon isonerization reaction
was carri edfgh?.gPTh Dr {épgeca“ftrﬁ%ﬁfsrﬁgé tl&%F‘%ﬁ@a"%‘Eﬁ 57 S%W?Bﬁ%%i YRS i r

at nospher e ky, ndremplropoessivneofativcdeipamtbee0edl vk 9 A0wsE. 380 &Y, 2t hat |
W t hout inttoducin ir the jpside_of the_reactor, B was de to be a

ni trogen at %s%%?%,oaf 5R§ ‘ﬁﬁégiﬁﬂe‘?f r?&&@%aﬁezérHQB?*%eﬁg% RESPR&rE-CNand
then the isonelumita ofas EECI0 Q. WAL NCEBFRBCEE. t)H0AB]IgMNORle 1RaRIARG
(n-C7) was used.as the hydrocarbon constituti ng?the raw materi al of the

reaction. |3 PREM R SRR RHGRAT Wl oL FBecbRReRtREe | RTRANGRE MAS ddmBounds

was not wt.% in terms of the weight of elemental tungsten, and the
proportion of a nitrogen component was not more than 0.01 wt.%.
Moreover, the specific surface area of the catalyst A was 100
m’/g, the pore volume for a pore diameter range of 0.002 to 10
um was 0.31 ml/g, and the median pore diameter in a pore diameter
range of 0.002 to 0.05 pym was 104 A, |
[Heavy naphtha isomerization reaction]
[0047] 4cc of the catalyst (catalyst A) that had been graded
to get granules passable through a 16-24 mesh sieve was charged

- into a fixed-bed flow type reactor of length 50 cm and inside

diameter 1 cm, and after pretreatment, a hydrocarbon
isomerization reaction was carried out. The pretreatment was
carried out for 1 hour in an air atmosphere at normal pressure
at a temperature of 400°C. After that, without introducing air,
the inside of the reactor was made to be a nitrogen atmosphere,
and was then made to be a hydrogen atmosphere, and then the
isomerization reaction was commenced.
[0048] Normal heptane (n-C7) was used as the hydrocarbon
constituting the raw material of the reaction. In the raw
material used, the concentration of sulfur compounds was not

more than 1 ppm by weight in terms of sulfur, the concentration
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nore than 1 ppm by weight in ternms of sulfur, the concentration 16 of

ni trogen conpounds was not nore than 0. 1 ppmby weight in terns of
nitrogen, the concentration of oxygen conpounds other than water was not
nore than 0. 1 ppmby weight in terns of oxygen, and the concentration of
chl ori ne conmpounds was not nore than 0.1 ppm by weight in terns. of
chlorine. [0049] Mbreover, regarding the hydrogen gas used in the

reaction, the pYtirbyenaeofBolAd¥hadondth N EaRl @t.!logpﬂfbyvk@éﬂhﬂvai% not
more than 0..5 ppm by weight, and as other inpuritieS, the contentration
of sul fur c&RFBEneE Mdragnn mbhe cangantr aigan oy ausidsn compeenrds asthesul fur,

the concent k@hnGpa Qs wabtz{c&g@argc&m&tmdfnggﬁﬁafy%tigg{; %tn%@éﬂngoér%er% t

wei ght, the concentration of oxygen conf an wat
more than @ndithgrgongeniraihion ©it ehher dhe oxgyeonnds gashaot oneeatihatn on

of chlori e g5 aeD gy WRIgHR! iHPEerhBa8s OcnioRRAL DY Weight in terns of

chl orine. [0050 e’isongrization reaction " was Carried out at a reaction
pressure of [0048] t diGreqvePa, regaididy dfhe2 hy@ivdyen ayacs useldy dmodréwe/ oi |

ratio (H/oi . (eml ., . The_.c ition, a h |l et of the
reaction tugéégggoﬁéuEgeggpgétyhgg?n???gﬁi%%9'%f %?% $?§§%ﬁ%éa%ﬁ%§y%£d by
gas chromat wgtephyasEnaltuambirenthan 0carppedbputeigkt pgahdeapeskciesat age by
weight in tk .L.QN ts.of . conponen other than the raw nateria
of The ' renifphRELER cRe ANEER e B RA L o Aohng s e AAY RS | ha
reacti on probdact’ mfm donwedets ihavemgs Diosul@ue ,C8hEdbnedimataton e
liquid vyield.,the percenta by weight in the reaction products of
conponent s ﬂ%&Fﬁae SPmpgﬁgﬁscé?%o%&ét% S tgla‘f htg']cr% i Vit d,
and the percentagerhyivai@ghbxygenidigporaels 60hef QG §abér Wagdnedethore

al i phati c hydrocarbons . having. 5 or nore carbon atons as the iso-C5+ yield.
b it n

Al so, the PREMRBBRMRY WELGRE I teres &Rty 9Rn prddlthe concsritatdd
al i phatic hyfirehbobone dowpaignds Gl eRdtamore wWASney al ughe byaseildit ii$0- C7
yiefd" terms of chlorine.

[0050] The isomerization reaction was carried out at a
reaction pressure of 0.5 to 5.0 MPa, an LHSV of 2.0/hr, and
a hydrogen/oil ratio (H,/0il) of 5 (mol/mol). The composition
at the outlet of the reaction tube 200 hours after the initiation
of oil flow was analyzed by gas chromatography. Evaluation was
carried out taking the percentage by weight in the reaction
products of components other than the raw material of the
reaction as the conversion rate, the percentage by weight in
the reaction products of components having 5 or more carbon
atoms as the liquid yield, the percentage by weight in the
reaction products of components having 4 or fewer carbon atoms
as the cracked product yield, and the percentage by weight in
the reaction products of branched aliphatic hydrocarbons
‘having 5 or more carbon atoms as the iso-C5+ yield. Also, the
percentage by weight in the reaction products of branched
aliphatic hydrocarbons having 7 carbon atoms was evaluated as
the iso-C7 yield.

[0051] The evaluation results in the case of making the

reaction temperature be 220°C and changing the reaction

17



[ 0051) The evaluation results in the case of making the reaction
tenperature. be 2200C and changing the reaction 17 pressure are shown in
Table 1. From Table 1, it can be seen that at 1.0 MPa and above, there is
little cracking, and the |liquid yield is high. The conversion rate is

hi ghest at around 3.6 MPa, and the conversion rate and the yields drop
slightly at 5.0 MPa. Table 1 Reaction pressure (MPa)0.51.03.65.0 Reaction

tenperature e&aaeazgzaoaﬁaw@memp@ 1 ater dARAAY 362 sl ‘&lé'rfj H@ &edn
(W . % 88959391 Cracked roduct ield 12579 (w. % | s0-'Ch+ yield

(wt . % 55656%B3%j 3p- b0 55658258 {L@oswthm&r@iaqmn @nd édgl ts in
t he case of 0
changi ng ¢ e Jabapy ko l‘sen%%%t Y BBREP b B8 01 qfe0: MR 9lna

reaction t2npdfiRaurdndthecoonverd BOC ratwe ansohbei yieldn dropdisy ightdyeeds
at all. At 2POE gngpgabove the reaction proceeds, but at 230C cracking
becones prone to occurring and hence the Iliquid yield drops. Table 2
Reaction pressure (MrPa)3.63.63.63.63.6 Hahﬂa(kltenperature

(C)1?0180201@8£9€§8n§§f'é(§é§f@” WPd P (P9 9B24475B8 Biguiaryiglg [ "5 o
o 5o S aapaaeeEn LAREEM, LA | o 558072 6% 9555 ¥ ehdo

onversion rate (%) 67 70 75 62
Liquid yield (wt.$%) 88 95 93 91
Cracked product yield
(WE. %) 12 5 7 9
iso-C5+ yield (wt.3%) 55 65 67 53
is0-C7 yield (wt.%) 55 65 67 53

[0052] The evaluation results in the case of making the
reaction pressurebe 3.6 MPa or 5.0 MPa and changing the reaction
temperature are shown in Tables 2 and 3. At a reaction
temperature of 160°C or 180°C, the isomerization hardly
proceeds at all. At 200°C and above the reaction proceeds, but
at 230°C cracking becomes prone to occurring and hence the
liguid yield drops.

Table 2
Reaction pressure (MPa) | 3.6 3.6 3.6 3.6 3.6
Reaction temperature (°C) 160 180 200 220 230
Conversion rate (%) 9 12 44 75 88
Liquid yield (wt.$%) 100 100 99 93 68
?5:?:?d product yield 0 0 1 7 39
ig0-Ch+ yield (wt.$%) 9 12 43 67 56

iso-C7 yield (wt.3) 9 12 43 67 56
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I so- C7 yi el

(MPa) 5. 05. 05.05.05.0 Reaction tenperature (C) 160180200220230 Conver si on
rate (9% 88326287 Liquid yield (wt.

001935 (wt.
[0053] It i

| S0-C5+ yield shown in Tables 1 to 3 that the iso-C5+

d (Ww.%912436756 18 Table 3 Reaction pressure

99 100100999165 Cracked product yield
% iso-Co+ yield (wt.% 88315352 iso-C7 yield (wt.
s apparent froma conparison of the iso-C7 yield wth the
Is essentially

conposed of a branched saturated hydr@gglgog havi ng 7 carbon atons
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nhflunlu
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cont ai ni ng
carbon ato
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airabgagt ppBautt % 9k145at urat ed hydrocar bons having 7 and 8

to an isomeri%atijon Peacti o us

ng %a spechhi ec

catalyst, [M8B.csliey ga&?@%@tw"b naving g and Sgcarbon pt o 5§ PRt bou
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yield. As a
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19wtAl e iso-C5+ yield shown in Tables 1 to 3 that the lSO—C5+

is essentially composed of a branched saturated hydrocarbon
having 7 carbon atoms (iso-C7) and the normal heptane (n-C7)
was selectively and efficiently isomerized into a branched
saturated hydrocarbon having the same number of carbon atoms
as the number of the normal heptane by the above isomerization

reaction.
INDUSTRIAL APPLICABILITY

[0054]

if a hydrocarbon raw material containing at least 50 wt.%

As described above, according to the present invention,
of
saturated hydrocarbons having 7 and 8 carbon atoms is subjected
to an isomerization reaction using a specified catalyst, then

the hydrocarbons having 7 and 8 carbon atoms in particular are

~efficiently isomerized into branched saturated hydrocarbons

having the same number of carbon atoms and having a high octane
number, and hence a gasoline base having a high octane number
can be obtained at a high yield. As a result, the aromatic
component in a gasoline can be reduced without bringing about

a drop in the operational performance of gasoline engines.
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1. A hydrocarbon isonerization nethod of making hydrocarbons containing at
| east 50 wt. % of saturated hydrocarbons having 7 and 8 carbon atons cone
into contact, in the presence of hydrogen, with a solid acid catal yst
conprising a platinumgroup netal conponent supported on a carrier that
contains as netal conmponents at |east one group 1V netal conponent

sel ected fromthe group consisting of titanium zirconium and hafnium and

at | east one group VI netal conponentcigglMgrted fromthe group consisting
of tungsten and nolybdenum 2. The hydrocarbon isonerization nethod
according to claiml1, wherein the isonerization reaction is carried out at

a tenperature in a.rangg ﬁirdiS@a§:90359§0m§r1ﬂ_§€18b{dﬁt@ﬁﬂé@%‘f'ﬁQlE'BE zation
met hod accordi n claiml1, wherein the isonerization reaction 1S carried

out at a prhéfésrg’fsérbﬁng Fangeising. gty 3086t NPA. vh, $TR RptRsaELEBON
| someri zat| $ydFeclglonsCAEYing f0and! 81 BhloohShtdnd Soht YA AALALYSL I

which the carrier further contains alumnumas a net conponent . " The
hydr ocar bon 1Ps 6REr PESERBRE Rit hydrasedr divaght 8 seladneeidwhatalysteact i on

products obkanBedsthbOUIR1LREnufly JEBER! RERaLSBRELABRL OBy BELDOES a6 0L di Ng

toclaim1l are  sepafated into a fraction containrng pre nan | " branched
hydr ocar bon§a&kdey thatt¢ontabns asinefadr @dmgipn&mttlsyatsleaSQMHe: hﬁzomp

hydr ocar bongy ﬁ\@gaﬁhéofn ﬁteh‘e“s%%&%&' EEOQpEEQOng%t L¥n§t é@lg gEhain

hydrocarbons is taken a a raw mat
titanium, zirconium and hafnlum and at least one group VI metal

component selected from the group consisting of tungsten and
molybdenum.

2. The hydrocarbon isomerization method according to
claim 1, wherein the isomerization reaction is carried out at
a temperature in a range of 190 to 250°C.

3. The hydrocarbon isomerization method according to
c¢laim 1, wherein the isomerization reaction is carried out at
a pressure in a range of 0.8 to 10 MPa.

4, The hydrocarbon isomerization method according to
claim1l, using a solid acid catalyst in which the carrier further
contains aluminum as a metal component.

5. The hydrocarbon isomerization method according to
claim 1, wherein reaction products obtained through the
hydrocarbon isomerization method according to claim 1 are
separated into a fraction containing predominantly branched
hydrocarbons and a fraction containing predominantly
straight-chain hydrocarbons, and the fraction containing
predominantly straight-chain hydrocarbons is taken as a raw

material.
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