; e3ezDX46&Tz}t PCT/JP99/ 06769 , PCT-9474 (I,11) | SOVERI ZATI ON METHOD OF
HYDROCARBONS 'AND SCLI D ACI D CATALYST AND | SOVERI ZATI ON DEVI CE USED FOR 5

THE SAME The present invention relates to a nmethod of isonﬂ”Wﬁ'
hydrocarbons at a high efficiency using a 10 sulfated zirc
catalyst, and a solid acid catal yst used for the isonerization+«ang+an

NI

i sonerization_device used for the sanme. BACKGROUND ART | soneri zation of

hydr ocar bons, PSTAR98964@% r ol eum 15 cuts: letc., is i npor tBGE-94%Get hod of
produci ng hi ghoct ane-1evel gasoline base materials and as a net hod of
produci ng chem cal starting materials. |sonerization of normal butane is a

particularly inportant reaction as QHﬂ§§§f%?1§¥ produci ng i sobut ane, which
is a starting 20 material for nmethyl-tert-butyl ether and al kyl ate

gasol ine, while isonerization of
reaction as a nethod of produci ng gasoline base materi al .

| i ght naphtha is a particularly inportant
Convent i onal

i sonerization of hydr gcaMe®IZATT 0D MpTHOD d EWHRYOARBONE angat al yst, whi ch
has been obtai ned by nodifying an oxi de showi ng solid acid

PCT/ JP99/ 06769 S50L2D RCIDI4AARILYISIT) ANDO ISUMPRI 2MTHTOND IDEV TOEMU SHIC [P 036

pl ati num zeolit,e, platinumchlorinated alumna etc., into contact with

hydrocarbdhs in the presence of hydropem.sReRcti on catal yzed with the

pl ati num zeolite catalyst is usually 5 perfornmed using a reaction starting

material having a water concentration of several tens ppmand it is not

known t hat

its catalytic activity is inproved by reducing the water

concentrat i onTEQHNAGALeHIELON starting material. Generally, the catalytic
activity 10 of theTRIatinun1zeoIite catal yst is nuch | ower than

10

15

20

25

e present invention relates to a method of
isomerizing hydrocarbons at a high efficiency using a
sulfated zirconia solid acid catalyst, and a solid acid
catalyst used for the isomerization and an
isomerization device used for the same.

BACKGROUND ART

Isomerization of hydrocarbons, such as petroleum
cuts, etc., is important as a method of producing high-
octane~level gasoline base materials and as a method of
producing chemical starting materials. Isomerization
of normal butane is a particularly important reaction
as a method of producing isobutane, which is a starting
material for methyl-tert-butyl ether and alkylate
gasoline, while isomerization of light naphtha is a
particularly important reaction as a method of
producing gasoline base material.

Conventional isomerization of hydrocarbons is
performed by bringing a catalyst, which has been

obtained by modifying an oxide showing solid acid

I
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that 'of the platinumchlorinated alumna. On the other hand, it is known
that the activity of the platinunchlorinated alum na catalyst is reduced by
inmpurities, such as water concentration, etc., in the reaction 15 starting
materials, and the reaction is usually performed with the water
concentration in the reaction starting materials controlled to be 0.5 ppm

or less, parti 0.1 ppmare less. |f the water concentration in the
reaction star tpfﬁléﬂ’r?gxoéﬁ%l is 20 limted2o 0.5 ppm or | RGE-947 4 1T)
pl ati num chl orinated alum na catalyst will show much higher catalytic

activity than platinumzeolite catal yst does. However, in an isonerization

reaction usi ngriopRridtidlsl AR AEEIEH audl & Al %@ﬁﬁﬁh(f necessary
to 25 continuously introduce an organic chlorine conpoun reaction

systemin ord altd nfudl-ah dri®atiP Miinina REV . P%Q{t%&%tac?c w1th
PCT-9474(1, activity and the chlorine conpound had to be separated - and

removed from hiye rpcedion safine i Heh @ 1ie@@eideo R Ay FOGHat ekeatadah t he use of
such a chl orine conmpound shoul d be avoided in terns of environnental

protection, 5ciatallydiedgwithbitdies pliatinum-zesilded watag yiste isepasuaililgn and
removal process. Consequently, there is a demand for a catal yst of high
activity whthperifolrmed usimgt aneeastdon tstak® iinet madiead ad davdamgie conpound
to the process of isonerization of hydrocarbons. An object of the present

i nvention i s wategl ¢eonclens natdone mfaseverad dens ppimheahdofit sismerdtzi ng
hydrocarbons at a high efficiency w thout using a chlorine conpound, as
wel | 15 as a &aoamydhagsddsf cataliys ivealesd viny ds iigpmenviedatiyon devi ce for
executing this method. As the result of intense studies, the inventors
conpl et ed t heFFABSARY theeHAter gomTemtsasion g tiet reaetignsol i d aci d
catal yst conprising a support _having - 20 portions made of zirconia and/or

hydr at ed zircEhP&EE &Hdmét§EP?&reo&?néﬁﬁﬂéﬂénFﬁ§U§ﬁG@@¥G¥ﬂ1QQﬁ¥¥¥§dbport i's

used, the, catal t| it cat al [
6 fy&h at{n zeJil e cata yst %s much lower than

that of the platinum-chlorinated alumina. On the other
hand, it is known that the activity of the platinum-
chlorinated alumina catalyst is reduced by impurities,
such as water concentration, etc., in the reaction

15 starting materials, and the reaction is usually
performed with the water concentration in the reaction
starting materials controlled to be 0.5 ppm or less,
particularly 0.1 ppm are less. If the water
concentration in the reaction starting material is

20 limited to 0.5 ppm or less, the platinum-chlorinated
alumina catalyst will show much higher catalytic
activity than platinum-zeolite catalyst does. However,
in an isomerization reaction using the platinum-
chlorinated alumina catalyst, it was necessary to

25 continuously introduce an organic chlorine compound to

the reaction system in order to retain the catalytic



I mproved by reducing the water concentration in hydrocarbons, which are the
reaction starting nmaterial, 25 to 5 ppmor less, particularly 1 ppmor

| ess, and isonerization of the hydrocarbons can be perforned with

PCT/ JP99/ 06769 - 4- PCT-9474(1,11) a high efficiency w thout introducing
any chlorine ° conmpound to the reaction system Mre particularly, in the
nmet hod of isonerization of hydrocarbons of the present invention, a solid

acid 5 catal yBETEBRYPPE%g a support havéng portions mad&ToP4AtEbni a

and/ or hydrated zirconia, and a sul fureous conponent supported on this
support is brought into contact with starting hydrocarbons as a raw

mat erial havi aetﬁvwfeyeanaoeﬁenhmfbkgﬂeot:oﬁpeaﬂuohahe%a peOsBpaiatafl y 1 ppm

or less, in ternms of "the weight o e water concentration, In the presence

of hydrogen tgnabtansveaorebinZzedehpebatatbarser! thes rehgtebhedakhat the
solid acid catalyst preferably conprise at | east one netal conponent

sel ected froncbligletedd cepghst the 48e0brfGsaLR 8. cflerind abBfp&haHp 10
nmetal s and/ or the support conprise portions nade of zirconia and/or

hydrated zircgnbaldndepavbiaed fhdeephmsabinensizbdmenthydpabedcalibai,na. In
the present -invention, the water concentration 20 to be concerned is an

anount of & heinaledingnpaobidemsnwiba ceaecbsadnsyarémy bher egparavhbah is
one of the starting materials, is usually readily obtained with water
concentrati onanél fefoppin proktess. Therefore, the water concentration to be
really concerned is that in

DISCLOSURE OF THE INVENTION

Consequently, there is a demand for a catalyst of

high activity with which it is not necessary to

10 introduce a chlorine compound to the process of
isomerization of hydrocarbons. An object of -the
present invention is to solve this problem and provide
a method of isomeri;ing hydrocarbons at a high
efficiency without using a chlorine compound, as well

15 as a catalyst used for this method and an isomerization
device for executing this method.

As the result of intense studies, the inventors
completed the present invention upon discovering that
when a solid acid catalyst comprising a support having

20 portions made of zirconia and/or hydrated zirconia, and
a sulfureous component supported on this support is
used, the catalytic activity of the catalyst is
improved by reducing the water concentration in
hydrocarbons, which are the reaction starting material,

25 to 5 ppm or less, particularly 1 ppm or less, and

isomerization of the hydrocarbons can be performed with



25 the starting hydrocarbons. PCT/ JP99/ 06769 - 5- PCT-9474(1,11)
Moreover, the solid acid catalyst for isomerization of the present
invention is a solid acid catal yst conprising a support having portions
frade of zirconia and/or hydrated zirconia, and a sul fureous 5 conponent
supported on this support, and is used for isonerizing hydrocarbons and
obt ai ni ng i sonerized hydrocarbons by bringing the startin&yh dr ocar bons

havi ng a wate5{33H§@4F%99ion of 5 ppm or %ess, particul aPEV-H74EMor | ess,

in terms of the weight of 10 the water concentration into contact with the
above nentioned solid acid catalyst. Figure 1 is a diagram show ng a

preferred exanpladlf A ilcSURIY ZAldRIu MG I RETI R HHhA ik et hod of
15 isonmerization of hydrocarbdons of the present invention. In Figure 1, 1

5 a starting otiipyundl darthe ZdactidiBysten.s @ hydrogen line, 4 is a
dehydration device, 5is a catalytic reactor, 6 is a gas-liquid separation

device, 7 is a | owdord Ppatdidhliaxrlan Uppathedindtbd D1 Sisthd e ROMEH essor,
and 10 is a electric heater. [Starting hydrocarbons] Light naphtha or a
whol e napht ha cdbthyidredtdrpotisstdfl Itde qQremehts epareattiion 0fa edldiel Gidid but ane
25 obtained'froma fluid catalytic cracker, etc., can be used as the
starting hidr ceddiyss tdompriisdndea suypeatt having portions made of
zirconia and/or hydrated zirconia, and a sulfureous
component supported on this support is brought into
contact with starting hydrocarbons as a raw material
having a water concentration of 5 ppm or less,

10 preferably 1 ppm or less, in terms of the weight of the
water concentration, in the presence of hydrogen to
obtain isomerized hydrocarbons. It is preferred that
the solid acid catalyst preferably comprise at least
one metal component selected from the group consisting

15 of Group 8, Group 9 and Group 10 metals and/or the
support comprise portions made of zirconia and/or
hydrated zirconia and portions made of alumina and/or
hydrated alumina.

In the present invention, the water concentration

20 to be concerned is an amount of the water contained in
the reaction system. Hydrogen, which is one of the
starting materials, is usually readily obtained with
water concentration of 0.5 ppm or less. Therefore, the

water concentration to be really concerned is that in

25 the starting hydrocarbons.



PCT/ JP99/ 06769 - 6- PCT-9474(1,11) of isomerization of the present

i nvention. A single hydrocarbon conpound or a m xture of several

hydr ocar bon conpounds with a boiling point range of preferably -20C to
120C, particularly a boiling point 5 range of -5C to 11DC, is preferred.
Furthernore, the starting hydrocarbons contain a water concentration of 5

ppm or | ess artlcularl 1 ppmor |ess, further preferabl m or
less, in tern%cgy JRRE(08 ﬂ@ of the water cofcentration. Fwdﬂ3£§ﬁﬂﬂh§

cont ai ning a water 10 concentration exceeding this range are used after
reducing the water concentration with an adsorbent, etc. [Isonerization

reaction conditi onybyrEa®erSORBE £31110N 8L IdatA ) igdyons of the 15
present invention vary Wi th the catal yst used and the purpose of the

reaction, but jgsaidivattien ©FC then gradRetativRntarae isS P18/ POC to
250C, nore preferably 100C to 200C, the reaction pressure range is

preferably 1 tatadyksf comprising pr ¢ ty hb il A0 ot mEde-xd the
preferred liquid hourly g%%ce vgioch?@?Egv ranggvég)o 2 to 10/ hr. The

range of the hyjdcogda @nddoecaydeasedn ifteositiar,t iang RisRlifRidedw@i i 0 i s
preferably not | ess than the anmount of hydrogen necessary for saturation of
t he unsat uf at edmpomearte suppb riteldeonn thdmpeugpiortar ane i aEEb o, etc.)
cont ai ned PCT/ JP99/ 06769 - 7- PCT-9474(1,11) in the starting
hydr ocar bons, isomerpezdhgr Alydyocatrbo@ss andt lodtalntimplismmerdzéddiot nore than
10 mol /ol hydrocarbons by bringing the starting hydrocarbons
having a water concentration of 5 ppm or less,
particularly 1 ppm or less, in terms of the weight of
10 the water concentration into contact with the above-
mentioned solid acid catalyst.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagram showing a preferred example
of an isomerization device for performing the method of
15 isomerization of hydrocarbons of the present invention.
In Figure 1, 1 is a starting material tank, 2 is a
pump, 3 is a hydrogen line, 4 is a dehydration device,
5 is a catalytic reactor, 6 is a gas-liquid separation
device, 7 is a lower piping, 8 is an upper piping, 9 is
20 the compressor, and 10 is a electric heater.
BEST MODE FQR CARRYING QOUT THE INVENTION
[Starting hydrocarbons ]
Light naphtha or a whole naphtha obtained by
distillation and separation of crude oil, butane

25 obtained from a fluid catalytic cracker, etc., can be

used as the starting hydrocarbons that are the subject



The solid acid catal yst used before the isonerization reaction can be
subjected to a reduction 5 treatnent with hydrogen. The treatnent
tenperature in this case is preferably a tenperature | ower than 300C
particularly preferably a tenperature | ower than 250C. |f the treatnent
tenperature is too high, the sulfureous conponent in the catalyst wll be

reduced 10 an .l ] be a deterioration in catal yti tLy)ty.

However , thisnggﬁﬁﬁﬂ%ﬁé%reatnent is nof "éssential and ifcigmh%éh%
particularly necessary to carry out reduction treatnent if the reaction is
performed in a hydrogen anbi ent atnosphere. Moreover, the catal yst 15 may
be treated w 0f dmomerdizEtidprgast tHepbrsaiy iftantidij Ora teiidee
reduction. [Inpurities in starting hydrocarbons] In the isonerization

met hod of t he hydaserbon enimpound fer Goncierturad icdh sdvdiel wat er cont ai ned
in 20 the hydrocarbons serving as the starting material is 5 ppm by

wei ght or | eshydiesiarduny compuunads weitdhta doilessy pmiret demigeldfy 0.5 ppm
by weight or | ess. The water contained in the hydrocarbons can be anal yzed
wth a Karl Fipssferandiyst-208Cnboel 204 c.paittei @bl amly entlaitl mg gbo st f ur
conpounds contained in the hydrocarbons serving as the starting material is
PCT/ JP99/ 0876Fange ofCF534740| 110JC deks reugfemreshm Huxihepmore, |he, nore
desirably 1 ppm by weight or less, further desirably 0.5 ppm by metght or

|l ess, in termStGIASF %xdw@quﬁmmgﬂw Amaentration o

hydr ocar bons can be anal yzed by a chr omat ogr aph equi pped with an

as 5
at oni ¢ eni ssi On PRBY &% HESEAEBATL v lagd i oy REfe Bork&Str fYdhens ot her

inmpurities in the hydrocgrhons as the starting materjial,, the concentration
of nitrogen C(B’Fﬁét?r%g’]iys tes BPEhIQF 5-S85n oy &g O Weldht qf dhesiranly

1 ppm water concentration. Hydrocarbons containing a water
10 concentration exceeding this range are used after
reducing the water concentration with an adsorbent,
etc.
[Isomerization reaction conditions]
The isomerization reaction conditions of the
15 present invention vary with the catalyst used and the
purpose of the reaction, but usually the reaction
temperature range is preferably 50°C to 250°C, more
preferably 100°C to 200°C, the reaction pressure range
is preferably 1 to 50 kgf/cm’, more preferably 15 to 40
20 kgf/cm* and the preferred liquid hourly space velocity
LHSV range is 0.2 to 10/hr. The range of the
hydrogen/ (hydrocarbons in the starting material) ratio
is preferably not less than the amount of hydrogen
necessary for saturation of the unsaturated component

25 (olefin component, aromatic component, etc.) contained



10 by weight or less, particularly desirably 0.1 ppm by weight or less, in
ternms of nitrogen. The concentration of oxygen conpounds ot her than water
is desirably 5 ppm by weight or less, nore desirably 1 ppm by wei ght or

| ess, particularly desirably 0.1 ppmby 15 weight or less, in terns of
oxygen. It is advisable that the concentration of arsenic conpounds be 5
ppb by weight or less in terns of arsenic. It is advisable that the
concent r at i on P6TARI4866%pounds be 20 ppH-by wei ght or |RSE-%HH4dEH ms of

|l ead. It is advisable that 20 the concentrati on of copper conpounds be 20
ppb by weight or less in terns of copper. The concentration of olefins is

preferably 5 wiiBe ls@S%t i AyRlrd/cairddng L ntdrd Siréf%i%ibly%oce&% ration
I ht or less, nore

of chlorine conpounds is preferably 1 ppmby wel

preferably 25t@ah PRT R 1IN No’S ore thin™ 0fmdAYnRy1i.ne. [l mpurities
i n hydrogen] PCT/ JP99/ 06769 - 9- PCT-9474(1,11) As for the concentration

of inpurities in thpehydngaeacysedatallyd vs@EYeddfricor et hod of the
present invention, the water concentration is desirably 5 ppm by wei ght or

| ess, particuligbmerdesitiabl ¥ehcREBnS dah WRI Ghib j@icte®S o frdmictdes rably
0.5 ppm by weight or |ess. The concentration of sulfur conpounds is

desirably 30 mmeatyenti githohydesgen1or ehdesireaitment RiMpgaravir@htior | ess,
particularly desirably 1 ppm by weight or less, in ternms of sulfur. The
concent r at i ontbh@sofcasiet isgpreferpblyda itempesiataiey 1ovarpmhan \86i0jo, or

| ess, nore desirably 10 ppm by weight or less, particularly desirably 1 ppm
by wei ght or pagticudatrdynpreff emiajorlygean teliperatugentloaterothein @50jen
conmpounds other than water is desirably 500 ppm by 15 weight or |ess, nore
desirably 100 Ifpihgy tiveiagmenygr tieaweragane d§l &ooy hdagdi,r &thley 50 ppm by

wei ght or less, in ternms of oxygen. [Solid acid catalyst] A conventional
solid acid caf¥lf¥repygneonponent 4 theegatipdysti ¥idystemressiced aci d

cat al yst nprising a support, which caonprises portions made of zirconia
and/ or hy@&até&sz &R ¥1ldndeaas Geterd Oy tdoRpdRe FRtadyidit ed on this

SUPROr) o BEYEyE HteRgs B Ol ioh, RS et on
oyentoon, & ecLAbIed, 8ok 805, TRYS. el e OTIRRRNRTo R M,
e P T s
a hydrogen ambient atmosphere. Moreover, the catalyst
15 may be treated with an oxidizing gas, such as air,
etc., prior to the reduction.
[Impurities in starting hydrocarbons]
In the isomerization method of the present
invention, the concentration of the water contained in
20 the hydrocarbons sérving as the starting material is 5
ppm by weight or less, desirably 1 ppm by weight or
less, more desirably 0.5 ppm by weight or less. The
water contained in the hydrocarbons can be analyzed
with a Karl Fischer moisture meter, etc. The

25 concentration of sulfur compounds contained in the

hydrocarbons serving as the starting material is



5 conponents can be used in the formof a conposite oxide and/or a hydrated
conposite oxide which nmay be m xed with a further conponent of a single

oxi de and/or a hydrated oxide. It is preferred that the anmount of the
portions nade of zirconia and/or hydrated zirconia 10 accounts for 20 to 99
w% particularly 50 to 99 % of the catal yst weight. The concentration

of the sulfur nt of the solid_ acid catalyst i r ly 0.2 to
10 Wt % parti?gﬂz?ﬁgkﬁ?gferably, lto Itﬁﬁ@@ in terms oﬂiyﬁgi%ﬁiﬁ unt of
sul fur. Platinum palladium ruthenium nickel, etc., are particularly
ideal for use as the netal conponent selected from Goup 8 Goup 9, and

G oup 10, anddekitabpyebeppadbyheieilghey obe laddedmdeet dals itria®1fotalppamount
of the metal conponent of G oup 20 8 Goup 9 and/or G oup 10 accounts for

0.05 to 10 wt Myotvetightsolri deasi, d faatthleysdesThrabliy 9t.al ppim byt wed gdifc t he
portions consisting of zirconia and/or hydrated zirconia of the catalyst
used in the ppeséessinienteansi sfpsaflduabl y The?2sullfuragonpounydst em A
monocl inic crystal structure can also be present in part. These
crystal, strucconteived inPgEme]R9dro6asdonsltanPBe- ahadfized bybe gasfir ned
by X-ray analysis. In concrete terms, the ' area ratio of the peak at 28 =
28.2 to thut ghrepatggraphdegsippeddwighxanaptemitr entiesdony detectonk a
rays (hereinafter, abbreviated as "S28.2/S30.2 ratio" S wherein S28.2 is
the area of tKBEPeakesF -noA8cEPHi Ehei Fearpatzatigns pg pthed S30.2 is the
area of the peak of tetragonal zirconia at 2B - 30.2) is 1.0 or |ess,
preferably 0.3MBRritdes ARy theuhydrpcprbpasapsy theostartiags. H gher
catal ytic activit¥,ii obhained 10 when there i;s al nost no nonoclinic
structure preRBRET1Ppy ot BPr EANSEREHALLPE 4t BLFEPPEN, CORPONSGFeSzat i on
reaction of tge resent _invention, .it is preferred that g catal yst
conprising a EﬁEBﬁEEXORpPPEiha HSFHhGnanéﬁésof??Fﬁcgﬁﬁ&réﬁgﬂo ppm
hydr at ed ﬁjrCBQ'%eQQE£egit ESSélggr%?E%&B% ytgegﬁggLXy 0.1 ppm by
weight or less, in terms of nitrogen. The
concentration of oxygen compounds other than water is
desirably 5 ppm by weight or less, more desirably 1 ppm
by weight or less, particularly desirably 0.1 ppm by
15 weight or less, in terms of oxygen. It is advisable
that the concentration of arsenic compounds be 5 ppb by
weight or less in terms of arsenic. It is advisable
that the concentration of lead compounds be 20 ppb by
weight or less in terms of lead. It is advisable that
20 the concentration of copper compounds be 20 ppb by
weight or less in terms of copper. The concentration
of olefins is preferably 5 wt% or less, more preferably
1 wt% or less. The concentration of chlorine compounds
is preferably 1 ppm by weight or less, more preferably
25 0.1 ppm by weight or less, in terms of chlorine.

[Impurities in hydrogen]



as "zirconia") and portions made of alum na and/or hydrated al um na
(hereafter, also referred to sinply as "alum na"), a sul fureous conponent
supported on this support, and the netal conponent sel ected from anong 20
the metals of Goup 8, Goup 9 and or G oup 10 be used. It is preferred
that this catal yst be made by kneadi ng and shapi ng al um num hydr oxi de
and/ or hydrated al um num oxi de, zirconi um hydroxi de and/ or hydrat ed
zi r coni um oxi 8&T/IRRB/0R7€I f ur - cont ai ni ng9conpound, cal ciBERG4T4BIR5 shaped
article thus obtained at a tenperature at which zirconia with a tetragonal
crystal structure is PCT/ JP99/ 06769 - 12- PCT-9474(1,11) obtained,
supporting the net n I : P i : 8, 9, or

as ¢8rPenenkonben®ratisd of lgggggﬂqgs7dgg& I~

Group 10, and then calcining at a tenperature o to

produci ng € hengakBGKA! LAl b the® 3Re2tballioh WBEHBHERANLyventi on, the

al um num hydr oxi de "and/ or hydrated al um num oxi de to be used can be

obt ai ned by apvageaty i8befRiBAJS thel wate?! BBhERNRRALY ondlidNiyRa .1 raiih are
al um num oxi des, are used in place of the alum num hydroxi de and/ or '

hydrated al umsnppinokiydeeidfitt ber eewsl,| phetachedyaly aeslifa®1yshi ppmstrength
of the catalyst, and nonoclinic zirconia will readily enters into the

catal yst diri by walighfabiroebsl,| Fuirtheghdpsigabllgadi.Bg ppd dy’ @éuehiton in
catalytic activity. Wth respect to the al um num hydroxi de and/or 15
hydr at ed al unbmuiessi.de Theheoneeghtrasfioal ofi salfatoeompouddss iso 90 W ~,
preferably 5 to 50 wt~, particularly preferably 10 to 50 wt~, of the total
wei ght of thedebdrabdyad@ ppmcbyi weiighthercaeabysmorkf desiirablgss than this
range, there will be a reduction in the 20 crushing strength of the

catal yst and ppmwpy| wBagbkf prchessyoparibchilaglyhdesiirabdyal ppbm byexceeds
this range, there will be a relative reduction in catalytic activity. The
al um num hydr BRiLgEtaRY/ desRydiat Eermpuritnemlisrexi Fhe sogesataiatyionsed in
the formof a powder with an average particle_size of preferably 0.5 ,to 50
arm norel0 pef/ ppsypgensgompeyndpcisodesirabily pPePbrably weightooZo pm in
order to inprgve the ' ¢ taL¥tii activity and ¢rushing_strength. The use of
a hydrated al GRffunf8XFdEeRAERPIYnd8hRPMe Yt WRAOEC O S GRS

particularly desirably 1 ppm by weight or less, in
terms of nitrogen. The concentration of oxygen
compounds other than water is desirably 500 ppm by

15 weight or less, more desirably 100 ppm by weight or
less, particularly desirably 50 ppm by weight or less,
in terms of oxygen.
[Solid acid catalyst]

A conventional solid acid catalyst known as a

20 sulfated zirconia system (solid acid catalyst
comprising a support, which comprises portions made of
zirconia and/or hydrated zirconia, and a sulfureous
component supported on this support) can be used as the
solid acid catalyst in the present invention.

25 PFurthermore, as long as the effects contemplated by the

present invention are obtained, the portions made of



as pseudoboehmte, etc., as the al um num hydroxide 5 and/or hydrated

al um num oxi de can inprove the catalytic activity and therefore is
preferred. Al though the hydroxi de and/or hydrated oxi de of zirconium can be
prepared by any nethod, in general they are nade be obtai ned by
neutralization or 10 hydrolysis of their salts and organonetallic
conpounds, su orides or al cohglates, chloride S,
nitrates, oxyggﬂﬁipg@%sééc. The catalysT?@?ushing strengﬁﬁjﬁghﬁﬁkﬁbved and
the zirconia is easily stabilized when the hydroxide or hydrated oxide 15
of zirconiumis anorphous, having no obvious crystal structure by X-ray or
el ectron beamzdirtbndat iand/okbhgdrated zircondaamay plsleicoadatimt zirconi um
hydr oxi de and/ or hydrated zirconiumoxide in the formof a powder with a
nmean particl eocthee oet@l5compbhent20 pavdtiacdiuar,| haFniumg @Anadidrg used in
order to inprove catalytic activity and crushing strength. The

sul f ur - cont ai ehrgmdumg omadgasesegonponnd sdddtcanni gald ism,f wteays camnponent
or a sulfur containing conpound that can | ater be converted to a 25

sul f ur eous cobponénthey odhereaetait compbnentsal ciThasieometatlc.

PCT/ JP99/ 06769 - 14- PCT-9474(1,11) Sulfuric acid, amonium sul fate,

sul furous &ci gompenentencan bet asedhilonghecfoam ¢, actcomposiid¢egioxddeas
exanpl es of the sul fur-containing conpounds. However, sulfuric

aci d- cont ai ni agdéerpauhydratedpeemppsblty oxdde whieh maivoleumigedf ate and
di nret hyl sulfate are Ereferred because of their low corrosivity to the
producti on eqWitpheft TuFkBesyCrBPORSRtaPAi Ay Sdhep6uRK iden ap8/9ded as is, or

Rl MRS RS IR IR T R
portions made of zirconia and/or hydrated zirconia
10 accounts for 20 to 99 wt%, particularly 50 to 99 wts,
of the catalyst weight.

The concentration of the sulfureous component of
the solid acid catalyst is preferably 0.2 to 10 wt%,
particularly preferably, 1 to 10wt%, in terms of the

15 amount of sulfur. Platinum, palladium, ruthenium,
nickel, etc., are particularly ideal for use as the
metal component selected from Group B8, Group 9, and
Group 10, and it is preferred that they be added so
that the total amount of the metal component of Group

20 8, Group 9 and/or Group 10 accounts for 0.05 to 10 wt%
of the solid acid catalyst.

The crystal structure of the portions consisting
of zirconia and/or hydrated zirconia of the catalyst
used in the present invention is preferably a

25 tetragonal system. A monoclinic crystal structure can

also be present in part. These crystal structures can



cont ai ni ng conpound m xed during the production of the catalyst, preferably
3to 40 w~, nore preferably 10 to 30 wt~ of the total weight of al um num
hydr oxi de and/ or hydrated al um num oxi de, zirconium hydroxi de and/or 15
hydrat ed zirconi um oxi de, and sul fur-containing conpound is preferred
because the catalytic activity is inproved. It is particularly preferred

t hat anmoni u I .-etc., be used as the sulfurcontainj und in a
solid form gbéﬁﬂ&ﬁhﬁﬁﬁﬁ%e, t he sulfur-téktaining conpou&ﬁﬂggﬁﬁggﬁ n a
solid formor liquid form Moreover, there are no particular restrictions
to the concentration of the solution and it can be prepared taking into

consi der at i onpeheoafB*aedObys fL¢by0ANENYE ik, | $n2ecneseteaierig!, the
kneading that will be performed after. The anount of

sul fur-contai Birad, ¢akREUBE @ﬂ@egfeakplgz/ I/ PB7HY ro kratbGh YF4El . 11) is

preferred such that the amount of sulfur accounts for 0.2 to 10 wt%
particularly 3ot0°dGaetéembDied ey fXxNPay Yd DPE Padiesng oLy dwBEh dceRbAl ySt .

There are no particular restrictions to the mxing nethod. 5 Any type of
kneadi ng machiragscdhelreinadtefror abbeadiiagedunisng S2Be 2gS30uct irart io™ t he
catalyst as'long as it is a kneadi ng machi ne generally used for catal yst
preparati oh. Whezklin, Sa8nmet hed thieer aireaabdifethehpeakaptfi monosildniial s are
introduced to a kneading 10 machine, water is added and the naterials are
m xed with m zimgonliadas 29 pre?@r2blandissd . Duits tther @mree ab e ti cul ar
restrictions to the order of introduction of starting materials and

addi tives, et peahaodr tesragomall ¢ixddedadati 3@ kneddi 2y, iutlid 4 not
necessary 15 to add water when powder .in a slurry formis used, etc. An
organi ¢ sol veAeSSgypreserabpingl-3 PIopeSSanbRrticudardy pEEtEradlyy|

ket one, methyl isobutyl ketone, etc., can also be ysed  as % | i,guid ot her
than water th8t%soZdd&eds -ThE108fpeFatald tafd aCtA¥ 1dyr iLfg o0 ?ijﬁ%ading can
be appropriate sel ect eqd depending on the_pragperties of the al um num
S A DR S B A SR S Pl

hydr at ed zircgggg F%§%§??°§§§ gﬁéggggggaﬁgtging conpound used as the

starting mate 0 25 particular restrictions as

carlyat - peTi opodfobtBo ooet Taat Bl Rerliiph B §Bk RARSBTIOTE,  acia
such as nitrignpgehdionlCit faLIQg gli}@%%rr%ﬁc Rnag %”E‘Q‘&ia!iygte%mpr‘lrﬁ%@ @

conpounds, binder, ceramc rs, surfactant, zeoli etc., can be added

and kneaded a%uFﬁB&ta%oﬁlip@i!sﬁhby o r'thi bitlsN madeadge ZWirkbnwhl ghayairal yst
per f or mance of e present invention are ensured. However, the catal yst of

the presens i hyarhted Razcdufibi ¢heteaFtieenghh sandeefieghredattal Wimpigctivity,
even if such additives are added during kneadi ng.
as “zirconia”) and portions made of alumina and/or
hydrated alumina (hereafter, also referred to simply as
“alumina”), a sulfureous component supported on this
support, and the metal component selected from among
20 the metals of Group 8, Group 9 and or Group 10 be used.
It is preferred that this catalyst be made by kneading
and shaping aluminum hydroxide and/or hydrated aluminum
oxide, zirconium hydroxide and/or hydrated zirconium
oxide, and a sulfur-containing compound, calcining the

25 shaped article thus obtained at a temperature at which

zirconia with a tetragonal crystal structure is



10 Any shaping nethod generally used for catal yst preparation can be

enpl oyed for shaping after kneadi ng during catal yst preparation: Extrusion
shaping using a screwtype extruder, etc., is preferably used because
shaping into any shape, such as pellets, honeyconb 15 shape, etc., wth
good efficiency is possible. There are no particular restrictions to the

si ze of shape | ut it is usually_shaped to a length in cross
section of O.QCﬁ%#8§kﬁgﬁger, pref erabl y~ 25 to 20 Mm Foﬁg?ﬁgfaﬂbg)
cylindrical pellets with a dianeter of 20 0.5 to 10 mmand a length of 0.5

to 15 nmcan usually easily be obtained. Crushing strength after

cal ci nation i sbghiged!y sabpbegtedgb¥ henaediand cempoheaiebd Selected _
pre-determ nation is advisable for the water concentration, kneading tine,

the anount of f2bmebgeupi 8i,t Broapcy, aur creubhe 0gbana- Fhehi ekad ikigrdi ng.
PCT/ JP99/ 06769 - 17- PCT-9474(1,11) The operation is sinple, having great

industrial neatta hempesatulrer efageongoprooesses for filtration and drying,
etc., between the step of m xing and kneadi ng of the sul fur-containing
conpound wi t h ot hewhenmptretduealingahtiet batalgpitnghatefns Whecoudrjedteezuse a
shaped catalyst is obtained, it is ideal for fixed bed reactions, which are
difficult 3ithkheopresentnanveatwden,cahal pduninGal bydabixddeahmnel/oxhapi ng i s
conducted at a 10 tenperature, at which tetragonal zirconium oxide can be
obt ai ned, in Aydrated gauvmanbinepkidentsphereseducdn dse nobhtaieed kyca Wen
pseudoboehm te-type alum numis used, the preferred calcination tenperature
is 450 to 800€arpetyi odl method60 tFL8@aliminaecandOy tadl BOO@E, 15 Moreover,
the preferred calcination tine is Q.1 to 20 hours. There are cases where
the proporti oWReFhnBrEc RLHIDERY QK AAES) nak e USPAC AR BARES @F &h@stals wil

i ncrease and the peak grga ratio of the geak at. 2.8 - 28.2 to that at 28 -
30.2 will excBtUminul,fydrexigecandyor; bygcated: plumipuly oFigdesp, when the

cal chnat A |EHBEESHALS, b3, 500aMhAy oSt SER R ety e (e
catalytic actpyhLyokh '0G4CAbRLAT1HER LETRERILULE11S 198119 Wen RN thi's
25 undesirabl e.
into the catalyst during calcination following shaping,
leading to a reduction in catalytic activity.
With respect to the aluminum hydroxide and/or
15 hydrated aluminum oxide, the weight of alumina accounts
for 5 to 90 wt%, preferably 5 to 50 wt%, particularly
preferably 10 to 50 wt%, of the total weight of the
alumina and zirconia in the catalyst. If it is less
than this range, there will be a reduction in the
20 crushing strength of the catalyst and it will be
difficult to stabilize the zirconia. If it exceeds
this range, there will be a relative reduction in
catalytic activity.
The aluminum hydroxide and/or hydrated aluminum

25 oxide is generally used in the form of a powder with an

average particle size of preferably 0.5 to 50 um, more



PCT/ JP99/ 06769 - 18- PCT-9474(1,11) Platinumgroup netals, such as

pl ati num palladium ruthenium etc., are particularly ideal as the netal
conmponent selected from Goup 8 Goup 9, and Goup 10 contained in the
catal yst used in the present 5 invention. It is preferred that these be
used in the formof a conmpound rather than as the netal itself. These netal
conpounds can _be anhydrides or hydrates. Furthernore, these netal conpounds

may be used e#*?ﬁﬂP9§0ﬁ6§9 or in a conbinddion of two or rRSFESFAELENf. 1t 10

is preferred that these netal conpounds be added in an anpbunt such that the
t.otal anmount of Group 8 Goup 9, and G oup 10 el enents accounts for 0.p5

to 10 wt % of thefdria@ily bt aidied sal,| d MUrderata) ¥islprodd halgh there are

no particular restrictions to 15 the supporting nmethod, an inpregnation

net hod such agaigitivg @t iviR Wndh creishing &t gernethor &fc., are
I deal . Cal ci nation of the above-nentioned supported articles for 0.1 to 20

hours at a tehyelrattede dlughisunt lkarid20G tdnd Iboehmitdeas t@Edre aisudt a gas
20 anbi ent atnosphere, such as nitrogen, etc., is preferred because
catal ytic act ias tpseddobdehmite,eated., las ithepragfuarimenh thyatrdshiedd ot al anount
of zirconia'and alumna in the catalyst of the present invention be brought
to 70 Wt % Hr mmde orpaytdratiest lal vt numdocoridenroan Zmpnoveerate of catal ytic
activity, strength of the shaped article, etc. For practical use, it is
preferred thatcatalytic activity and therefore is preferred.
Although the hydroxide and/or hydrated oxide of
zirconium can be prepared by any method, in general
they are made be obtained by neutralization or
10 hydrolysis of their salts and organometallic compounds,
such as oxychlorides or alcoholates, chlorides,
sulfates, nitrates, oxysulfates, etc. The catalyst
crushing strength is improved and the zirconia is
easily stabilized when the hydroxide or hydrated oxide
15 of zirconium is amorphous, having no obvious crystal
structure by X-ray or electron beam diffraction.
Moreover, it is usually preferred that zirconium
hydroxide and/or hydrated zirconium oxide in the form
of a powder with a mean particle size of 0.5 to 50um,
20 particularly 0.5 to 20 um, be used in order to improve
catalytic activity and crushing strength.
The sulfur-containing compound is a compound
containing a sulfureous component or a sulfur-
containing compound that can later be converxted to a

25 sulfureous component by a treatment such as

calcination, etc.



PCT/ JP99/ 06769 - 19- PCT-9474(1,11) the shaping strength of the catal yst be
"3 kg or nore in ternms of radial crushing strength of cylindrical pellets
with a diameter of 1.5 mm Next, the preferred isonerization device for 5
executing the method of isomerization of hydrocarbons of the present
invention will now be described. [lsonerization device] The isonerization

devi ce that i t of the present_invention conprises; 10 a
dehydrati on dggggg?&@ﬁﬁgh reduces the wal®r concentratioﬁca}9¢M%Lglarting
hydrogen and the starting hydrocarbons; a catalytic reactor, to which the
starting hydrogen and the starting hydrocarbons that have passed 15 through

the dehydration degiiteudnd BEEMG! afimBYdGRISA1ZER] euafdrbisWEicgh,a solid
acid catal yst conprising a support, which conprises portions nmade of

zirconi a and/ ammbydunt ed1fiteonthioapd ahibkidegousccomaeeegtiveupaerted on
this support is introduced; ,. 20 a separation device, which separates the
product from ekempaeal pfi cheeaallduri-obathydingesompolindeecyabedverg t he
hydr ocar bon product; and a conpressor, which conpresses the recycled
hydr ogen forwandifdricoactiiecespaiatiingncdepoandandréeptefafablyt asede
catal ytic reactor
5 and ammonium sulfate and dimethyl sulfate are preferred

because of their low corrosivity to the production

equipment. The sulfur-containing compound can be used

as is, or it can be used in the form of a solution,

such as an aqueous solution.

10 With respect to the weight of the sulfur-
containing compound mixed during the production of the
catalyst, preferably 3 to 40 wt%, more preferably 10 to
30 wt% of the total weight of aluminum hydroxide and/or
hydrated aluminum oxide, zirconium hydroxide and/or

15 hydrated zirconium oxide, and sulfur-containing
compound is preferred because the catalytic activity
is improved. It is particularly preferred that
ammonium sulfate, etc., be used as the sulfur-
containing compound in a solid form.

20 Furthermore, the sulfur-containing compound can be
in a solid form or liquid form. Moreover, there are no
particular restrictions to the concentration of the
solution and it can be prepared taking into
consideration the amount of solution that it is

25 necessary for the kneading that will be performed

after. The amount of sulfur-containing compound added



PCT/ P99/ 06769 - 20- PCT-9474(1,11) The structure of a typical

i sonerization device is shown in Figure 1. Starting hydrocarbons are fed
froma starting material tank 1 by a punp 2, while starting hydrogen is
introduced froma hydrogen line 3, with 5 these starting materials two
bei ng m xed inside the piping and introduced to a dehydration device 4. The

starting matep s passed througg t he dehydratio

i ntroduced topgﬂzg?gﬁ&gﬁg reactor 5 char gﬁ with the aboaggﬁéﬁiﬁbﬁéd solid

acid 10 catal yst. The product in the catalytic reactor 5 is introduced to a
gas-liquid separation device 6 and the hydrocarbon product is emtted from

a | ower pi pi ngs7 préferwedeauctd thatr efen abainthaE kedfusepdcdiety the
gas-liquid separation device 6 is emtted froman upper 15 piping 8 and
conpressed by farcénpr éosdi0 Sty padtdicuflatfley 4t at i10g wiat,eldfaltHehat has
passed t hrough the dehydration device 4, and introduced once again to the
catal ytic readtioally PDLEGEAR sSILEVES cIA casalget .padhedd mrtehaecdehydr ati on
device 4. 20 [Dehydration device] The dehydration device reduces the water
concent r at i on Partikalararesty igtdossatiootdeamd x inge mertdosssary, t he
starting hydrogen. In particular, the forner usually contains a water
concentratgon exce@d¥n§yPs prﬁmﬁ@ﬂ@ngtm@p@m@ﬁecamh@ewuﬁed domcentration is
reduced to 5 %ﬁ]b wei ght, or | ess, particularly PCT/ JP99/ 06769 - 21-
PCT- 9474(1, ﬁﬁéﬂ@ﬂaéﬁlﬂflﬂgp&ﬁheby’r\ﬂéiugﬁtl%r ofedde ratedystpastdomdy 0.5
ppm by melght or .l ess, by the dehydration process. A generally well-known
met hod, for i ASt dfcdS 8 %@FﬁS&n@S ghineageneraiilys 48R dad oMOCAtALAR LS| EVES

3A or preparation. Usually, a method wherein after the

starting materials are introduced to a kneading

10 machine, water is added and the materials are mixed
with mixing blades is preferably used, but there are no
particular restrictions to the order of introduction of
starting materials and additives, etc. Water is
normally added during kneading, but it is not necessary

15 to add water when powder in a slurry form is used, etc.
An organic solvent, such as ethanol, isopropanol,
acetone, methyl ethyl ketone, methyl isobutyl ketone,
etc., can also be used as a liquid other than water
that is added. The temperature and time during

20 kneading can be appropriately selected depending on the
properties of the aluminum hydroxide and/or hydrated
aluminum oxide, zirconium hydroxide and/or hydrated
zirconium oxide, and sulfur-containing compound used as
the starting materials, etc., and there are no

25 particular restrictions as long as these conditions

will not significantly affect the intended catalyst



5 alumna, distillation, etc., can be used for the dehydration process, but
it isnot limted to these nethods. Any type of nmethod can be used as | ong
as it is possible to bring the water concentration of the starting
materials to the above-nenti oned water 10 concentration in ternms of weight
or lower, but a nmethod using an adsorbent is preferably used. The starting
hydr ocar bons n_necessary, the starting hydrogen can al so be the

wh
dehydr at ed byéggﬁgPQE@7@%vices, but it fdbpreferred that BETPXHAGE) of the

two be dehydrated. 15 Furthernore, the water concentration included in the
hydr ocar bons can be anal yzed by a Karl Fischer noisture neter, etc. It is

al so pref err edelrlfarmaheesul Moy oRREENEAW, 0Buch WEOHR G GRAL,at i on, and
oxygen 20 concentration other than water be reduced. Specifically, the

concentrati onegl.5ulahdr ba@eROEHdh 2% AfEondkiny etRRN By-gariight or |ess,
preferably, nore desirably 1 ppm by weight or less, further desirably 0.5

ppm by wei ght compbansis,i binders e@feraumilcuf.ibets,2suedFaceaintgt izedlditd)i trogen
conmpounds is desirably 5 ppm by weight or less, nore desirably 1 ppm by

wei ght or PETELIRoeaf6 beo add2d aRdl kabadied, lak) lloags asf wrildidardgsirably 0.1
ppm by weight or less, in terns of nitrogen. The concentration of oxygen
conpounds dt hendthiian anaraagel sriddsiwhdlochy catadysty pesiformanced efs theor e
desirably 1 ppm by weight or less, 5 further desirably 0.1 ppm by wei ght or
| ess, in termpresenkydanentdanalayel ensaxedor ) Hawkevesd- thhe cazatllysti s
general ly used for isonerization, but a flow ng-bed or noving-bed reactor
10 can al so befusbe. pvesedtednviend idiny desi sufdficiieply sftrengtheasd on
starting materials in the catalyst |ayer can be in any direction, including
from above t ohBghofatRdYEdCapFSiviidyer evenomtt BiChe b itd valSonraet he

catal yst layer, and fromthe center of the catalyst 15 |l ayer to the outside
of the catal y&ddedy@nrirgcf&eediR@dr ogen and starting hydrocarbons and
starting dr ogen éhat ave been passed to He dehydrati on gﬁyice are fed

to the catalytic r8R¢t §P2PHIGs BeANed, GEREH ¥i%§gdaﬁ8rtﬁéﬁ d8t but they
Can 5. 0 B e SRR hpl PR e Bl Agh Tsaty o
during catalyst preparation. Extrusion shaping using a
screw-type extruder, etc., is preferably used because
shaping into any shape, such as pellets, honeycomb
15 shape, etc., with good efficiency is possible. There
are no particular restrictions to the size of shaped
article, but it is usually shaped to a length in cross
section of 0.2 mm or longer, preferably 0.5 to 20 mm.
For instance, cylindrical pellets with a diameter of
20 0.5 to 10 mm and a length of 0.5 to 15 mm can usually
easily be obtained. Crushing strength after
calcination is strongly affected by kneading and
therefore, pre-determination is advisable for the water

concentration, kneading time, the amount of

25 electricity, etc., during the above-mentioned kneading.

’



usually heated after dehydration in order to bring their tenperature to the
tenperature appropriate for isonerization, but the catalytic reactor itself
can 25 al so have a heating neans. [ Separation device] PCT/ JP99/ 06769 -

23- PCT-9474(1,11) According to the present invention, a separation device
is provided for separating the product forwarded fromthe catal ytic reactor

i nto hydrogen re | ed and hydrocarbons. The hydrogen and the

hydr ocar bon SPEﬁgﬁﬁggmgéi be separated bdded on the diffgﬁgﬁgﬁﬂKhH)heir
boiling points, and they are usually separated by neans of gas-liquid
separation. However, they can also be separated by distillation, etc. In

additi on to | somer imed dhutuaan 4 o oy 98P o O diGlushdscarmr | ses 2

conponent that is starting hydrocarbon residue, product resulting from

deconposi ti onmefr jfthe Herdiugeaidhie a®eCno PO T #i3eR®ion

si mul t aneously separated by the separation device. The straight-chain or

mono- br anched alnyddegdngonettl ,i heltudesd ithel ke dpy Froaarddars ahgom whi ch

hydr ogen has been separated, are further separated fromthe product, m xed
wi th startingkimedddngr bdn thendulfursaontd iaitgaeompoand twitht dthed SO
possible to'further inprove the ratio of isonmers in the product. A

separ at i on5 20 madehmiadse ansli ridrea shaplinige sadépar bdolr doaeirn g bacaaee a
selectivity or separation by means of distillation can be used as for

separ ati on of shapedlt caitgdysthdisn olbvgdrioedr, bdrts isetideaflr dort fd xedo thect

[ Conpressor] 25 In the present invention, a conpressor is used for

conpr essi ng t Feacsdpased whyighogee Hdffdcudd fidh coavened®haRoposerdd - 24-
PCT-9474(1,11) separation device to the necessary pressure required in the
catal ytic reaf@82lY$®Ere are no particular restrictions to the structure of

t he conpressor as Iong,as t.he necessary pressure is obtained. S E~, The
present invention &PHFIRGHILE @LLeri FEAPLRIddBarrniuchkedx atples.

10 temperature, at which tetragonal zirconium oxide can be
obtained, in air or a gas ambient atmosphere, such as
nitrogen, etc. When pseudoboehmite-type aluminum is
used, the preferred calcination temperature is 450 to
800°C, particularly 500 to 800°C, further 600 to 800°C.

15 Moreover, the preferred calcination time is 0.1 to 20
hours. There are cases where the proportion of
monoclinic crystals in the zirconium oxide crystals
will increase and the peak area ratio of the peak at 2
6 = 28.2° to that at 20 = 30.2° will exceed 1, and the

20 catalytic activity will also drop, when the calcination
‘temperature is too high, making this undesirable.
Moreover, the zirconium oxide will not crystallize and
there will also be a drop in catalytic activity if the
calcination temperature is too low, making this

25 undesirable.



Example 1 [ Method of determ ning nmean particle size] 10 The nean particle
size was determ ned by a wet determ nation nethod using M CROTRAC particle
si ze anal yzer nade by N kkiso K K. This involves irradiating fl ow ng powder
wWith a | aser beam and anal yzing the particle size based on the forward 15
scattered light. [Method of preparation of solid acid catalyst] Commerci al
Zi rconi um hydrgx ried to obtain dry hydrated zir i i a nean
particle sizelgih%%?wﬁﬁﬁ? Then, 500 ¢ ofqﬁydrated aluningg?bggzgihgoehnite
20 powder) with a nean particle size of 10 pmwas added to 1.50 kg of the
dry hydrated zirconia powder. Next, 383 g of ammonium sul fate was further
added and [the m xtRirad]inuars guvegdewktfadrs ASudmwdse pMdttinan kneadi ng machi ne
Wi, th m xing bl ades while adding water. The 25 kneaded product thus obtained
was extruded fadrhagivet muddrengiunh, etwundny ijdms qudiarnigt eidedl lass m) and
PCT/ JP99/ 06769 - 25- PCT-9474(1,11) dried at 110C to obtain dry pellets.
Then, the dry & metalwsonpediegithaeanterl foos Growls(EG tGraiy & n and
zirconi a shaped article supporting a sul fureous conponent thereon. Next,
125 m of an &Ffddud bssontagmes g dieostiadivati aisesl din e ipresent anount
of platinumin the catalyst to 0.5%was added to 50 of the zirconia
shaped art?cl &nVAntdonhi dtds gheferned ntc ihaseeds sised Haurtheait 500C

to obtain a sglid acid catal yst. that was a zirconia/al unmi num shaped

catal yst 10 s BhG FoRRTWRd &iFhess hvan esudheomatdniitgeldact i on
Tateri b for GRS MERALFORRRAS SO o A ARG € BV AR but ane,
5 bl A SR e
concentr at i on “apdll B i’ B SN BaEtor ot g Bt FherHit s or ved
20 as reagpi 0’lsstpﬁfetfie%e@tt%%itag:hcjgge-r%%t%t@i‘éﬂ%ﬂrﬁ(ﬁusn Idgqn%iqeanr}ladpﬂére]cf%gxd \ﬁ}&{s)ro_ 03

hydr ogenati on of "t hé unsaturate nmponen

ol per 1 ol shioe RARH RhatMIROYSha1l RRARST UG A Il dhe | ght

napht ha as the reaction starting nateri een brodght t ppm by

vei ght, 0.9 ppmdbsreRipdo, eQ ehep® REcORInEH £oan® @51 PPV Aeigt by
dehydration  PCT/JP99/ 06769 - 26- PCT-9474(1,11) wth MXLECULAR Sl EVES 3A

to provide reatle Findllakt ohdaiRled sall id, acdacida®alstsarting material 3,
reaction starting material 4, and reaction starting material 5,
respectively. As falthoeght tterienpue thioepartdlcnded inest rilka iloddc tdcon
starting materials 1 to 5, the concentration of sulfur conpounds was 1 ppm
by wei ght 1&r Itées suppoetingomeshiodyr ant Hepreynartticnt methofd miviaho gen
conpounds was 0.1 ppm by weight or less in terns of nitrogen, the

concent r at i on SPFayLpge AT10MBEFSIPRds efCher ioaexgipagenasetdotdsppm by wei ght

or
etc., are ideal. Calcination of the above-mentioned

supported articles for 0.1 to 20 hours at a temperature
higher than 300°C and lower than 700°C in air or a gas
20 ambient atmosphere, such as nitrogen, etc., is
preferred because catalytic activity will be increased.
It is preferred that the total amount of zirconia
and alumina in the catalyst of the present invention be
brought to 70 wt% or more, particularly 80 wt% or more,
25 in terms of catalytic activity, strength of the shaped

article, etc. For practical use, it is preferred that



less in ternms of oxygen, the concentration of arsenic conpounds was 5 ppb
‘by weight or less in terns of arsenic, the concentration of |ead conpound
was 20 ppb by weight or less in terns of |ead, the concentration 15 of
copper conpounds was 20 ppb by weight or less in terns of copper, and the
concentration of chlorine conmpounds was 0.1 ppm by weight or less in terns
of chlorine. r, e hydrogen gas used in the reaction 20 had a
purity of 99.g%ﬁ2@¥@K@ﬁé9a wat er concentﬂgtion of 0.5 ppﬁ¥%§9ﬁkﬂbﬂl or

| ess. As for the other inpurities, the concentration of sulfur conpounds
was 1 ppm by weight or less in ternms of sulfur, the concentration of
nitrogen conpehedghe@ing LtRieMgRh F WhieObhtal ys®She B 48 B o timogen,

t he concentration of oxygen conpounds other than water wad 0.1 ppm by

PCT/ JP99/ 0676% ermd7 o fPERd2414 chrulshi ngeis@iendfthl ©FS cyll inRi®adf oxygen, and
t he concentration of chlorine conmpounds was 0.1 ppm by weight or less in
terms of chl opeddetsRedth andiameter 2fThessain.d aci d catal yst was

granul ated to particles of 16 to 24 nesh. Four mlliliters of the catalyst
after being granul eat ,wahec prefedried dsankirigdtieon deodceedoror with a

| ength of 50 cmand an inner dianeter of 1 cmand isonerization was
perfornmed 310 ekeeutpng- theamethod Pfe-ispeatizat ioh bife hydtralcpsbonss
performed at 200C in a normal - pressure hydrogen gas current. |sonerization
of the hydroc8fbéhe wxespati dnvestionawiddcnown ber desgrrdbegauge pressure)
of 30 kg/cn®2, an 15 LHSV of 2 h-1, a hydrogen/hydrocarbon ratio of 2
(mol / mol ), andl§opezdegpsacneAg¥igedre of 150C. The reaction was started
using the reaction starting nmaterials 1 to 4 as the starting materials and
the gas di schar ged TPRoAEPRETdGRIEAPNoAEVEES, ERatoASnaBCaAsPEESd X0 thE t he
gas chronatograggéngfter 20Q hours fromthe initiation of the reaction. The

conmposi tion aP¥ utPEEREROPHEOPRILERSH t ube, which is the anal ysis
result, is,shown in

mar kedl y en the aa§§B5§§%§&h%eh?V§%§§LWEQ%%eﬁghﬁké%'?n%p§%§%%¥nbnﬁ;fgf?a|

was 1 concentration of the starting hydrogen and the starting
hydrocarbons;

a catalytic reactor, to which the starting
hydrogen and the starting hydrocarbons that have passed

15 through the dehydration device and recycled hydrogen
are fed and in which a solid acid catalyst comprising a
support, which comprises portions made of zirconia
and/or hydrated zirconia, and a sulfureous component
supported on this support is introduced;

20 a separation device, which separates the product
from the catalytic reactor into hydrogen to be recycled
and the hydrocarbon product; and

a compressor, which compresses the recycled

hydrogen forwarded from the separation device and feeds

25 it to the catalytic reactor.



.ppm or | ess. PCT/ JP99/ 06769 - 28- PCT-9474(1,11) Moreover, the reaction
was started at a reaction pressure (gauge pressure) of 30 kg/cnR, LHSV of 2
h' 1, hydrogen/ hydrocarbon ratio of 0.14 (nol/nol), and reaction tenperature
of 130C using reaction starting 5 material 5 as the starting nmaterial and
the outlet gas of the reactor was anal yzed by gas chronmat ography after 500
hours from t hg ~idohatl of the reactio The results ar jn Table
1 pets 3pool 82‘?%’%5@%2‘847 PCT- 9474(1 , | |)9?‘rab| e 1] mnpoé’ﬁﬁg‘ﬁyxg{’h} eacti on
t ubeReacti onWat erout | et starti ngconcentra-|sopentane/ 2,2-Dimethyl materialtio
n (ppn pent anebut ane/ hexaneReact i onst arti ng400. 5060. 056mat eri al
1Reactionstarti ng2@be585¢u06imet efi al typical isomerization device is

2React i onstarting0. 90. 7600. 329mat eri al

3React i onst ar shoyd. 40. F4§0re3dnat taaiting hydrocarbons are fed from
4Reactionstarting0.10. 7590. 330material 5 . The sane solid acid catal yst as
in Exanpl e 1 #ast8rydod. mpRexdalotaskadt byganpuepi 2] whijlet stamtiting was
used as the starting hydrocarbon, which was a starting material for

i someri zat i onhy#rpgen; gut ipsppdngedodpomsadhydgoges 10neuBanwith6. 3 w ~
pentane, 326 wt~ hexane, 2.3 wt~ PCT/JP99/ 06769 - 30- PCT-9474(1,11)

cycl opent ahe, thegenftarEing| mayerdpaat sHe hedneymisedxdneidendhe 1 w %
benzene. The li,ght naptha had a water concentration of 40 ppm by wei ght and
a sul fur concBk F&HiaﬁdanErBHHFSQ %ei ghelebydrasdonngeydeer 4-5 The hydrogen

gas used as the starting hydrogep in the reaction had a purity of 99.99
vol % or higheﬁgéﬁ%lggwﬁggﬁ¥&8 CERPFapPEnPBFSGdStBEHPBP Bght or |ess.

[ 20mer 2at ] ofefig€ho TS ShLuchuLe 90 LU, BRQTRL! 22Lion derice 1o show

reactor 5 charged with the above-mentioned solid acid

10 catalyst. The product in the catalytic reactor 5 is
introduced to a gas-liquid separation device 6 and the
hydrocarbon product is emitted from a lower piping 7.
The unreacted hydrogen that has been separated by the
gas-liquid separation device 6 is emitted from an upper

15 piping 8 and compressed by a compressor 9, mixed with
the starting material that has passed through the
dehydration device 4, and introduced once again to the
catalytic reactor 5. MOLECULAR SIEVES 3A has been
packed in the dehydration device 4.

20 [Dehydration device]

The dehydration device reduces the water
concentration of the starting hydrocarbons and, when
necessary, the starting hydrogen. In particular, the
former usually contains a water concentration exceeding

25 5 ppm and, therefore, the water concentration is

reduced to 5 ppm by weight or less, particularly



fromthe starting material tank 1 by the punp 2, while the starting

hydr ogen was introduced fromthe hydrogen line 3, with these starting
materials being mxed in the piping and introduced to the dehydration
device 4. 15 The starting nmaterial that had passed through the dehydration
device 4 was introduced to the catalytic reactor 5 in which the
above-nentioned solid acid catal yst had hbeen charged. The reaction product

in the catal ytd/HER63P% 5 was introducedlto the gas-1i qliCl-2474EHxr ati on

device 6 and the hydrocarbon product was taken out fromthe | ower bottom
pi ping 7. The unreacted hydrogen that was separated by the gas-liquid

separation deyreFeraly aMgpethyl kdHte JdiPA¥sshi Rt rr £%3A¢ by the
conpr essor 9,¥L1xed mﬁ?% t he 25yitart|ng material s that had fed vigythe

dehydrati on dQ)V.iSC%pﬁt %{Fﬁbe@@ﬁﬂ: J@ailedg it HdugRd deh G lpdcess .
PCT/ JP99/ 06769 - 3I- PCT-9474(1,11) reactor 5. MOLECULAR S| EVES 3A had been

packed i n the adejendirallilgn wddli-khown méadeid oForetinedlanbes camdithHddac react or
5 was a fixed-bed flow5 reactor with a Iength of 50 cm and an inner

di amet er of 1 usinandamasishadiend feuah tadse MOIBOULAR iISTBYES BA @t el ectric
heater 10. Four mlliliters of the solid acid catal yst that had been

gr anul at ed5t o ajamtiing ,eslisft 116 attd o2¥} retsh Wasarc bar geecd Mo tdhe cat al ytic
reactor 5 and 10 isonerization was performed after pre-treatnent. The
pre-treat nent dehydratdamalprocesss partf dritneg atot2(QdMiiteda trortiwsepr essur e
hydrogen current. |sonerization of the hydrocarbons was perfornmed under
condi ti ons of mgtheslst.i odnyr &yPer @ f ardedi Tagr dsswsed @fs engy/asnidt LHSV of
2 h-1, hydrogen/hydrocarbon ratio of 2 nol/nol, and reaction tenperature of
150C. Mor eover:s WSS He ket brigehdde matiegh concemerakiion off tdehydrati on
device 4 under these reactiagn_conditions was analyzed with the 20 Kar

Fi scher noi st Br@Tfdigr Mated igde Lo e ACX§-Bientioned water

10 concentration in terms of weight or lower, but a method
using an adsorbent is preferably used. The starting
hydrocarbons and, when necessary, the starting hydrogen
can also be the dehydrated by separate devices, but it
is preferred that a mixture of the two be dehydrated.

15 Furthermore, the water concentration included in the
hydrocarbons can be analyzed by a Karl Fischer moisture
meter, etc.

It is also preferred that the sulfur
concentration, nitrogen concentration, and oxygen

20 concentration other than water be reduced.
Specifically, the concentration of sulfur compounds is
desirably 5 ppm by weight or less, preferably, more
desirably 1 ppm by weight or less, further desirably
0.5 ppm by weight or less, in terms of sulfur. The

25 concentration of nitrogen compounds is desirably 5 ppm

by weight or less, more desirably 1 ppm by weight or



was 0.4 ppmin ternms of the weight of the water concentration after 200
hours fromthe initiation of the reaction. The conposition of the

hydr ocarbons taken out fromthe | ower piping 7 was anal yzed by gas 25
chromat ography after 200 hours fromthe initiation of the reaction.

PCT/ JP99/ 06769 - 32- PCT-9474(1,11) By way of conparison, reaction was

performed wt iLng MOLECULAR SI S 3Ainto the de ratlon device
4 served as rg@?ﬁﬂﬁﬁﬂ%ﬁkgh t he ot her hand? the reaction ﬂﬁ?ﬁﬁﬂﬂkLntLECULAR
SI EVES 3A 5 was charged into the dehydration device 4 was designated as
r-eaction 2. The conpositional proportions of hydrocarbons taken out from

the |ower pipilegsy, furttleradesiralgas oGhr gpat egr aRfiymnady Jiess,esyl ts, are
shown in Table 2. The proportion of 10 isopentane with five carbons in

cyclic sat ur attedmsy drfocdrthrogen(.i s qhentcanelepaiation o dxyl@npr oportion of
2,2-dimethyl butane with six carbons in cyclic saturated hydrocarbons

(2, 2-di net hyl compana/dseodher wiaan ewdleratisd desnirahd ycdmpesi biyonalight
proportions. It 15 is clear that the results of the isonerization reaction
are markedly o¥prlessd bwrer idegiinmgbiliye lwgipsr byomedghrtatoirolesfs ,t he starting
materials to 0.5 ppmor less with the dehydration device 4.

PCT/ JP99/ 0B76furtier depigakdy 0.11) pohTay eredjghCompodiesisondin freamer t i ons
at Reacti onreacti on tube

outletstartin@ﬁs@&?ﬁ@&ne/Z,Z-D met hyl mat eri al pent anebut ane/ hexaneReact i on

10.5040.054Reacti0q 2Q. 7630. 332 | NDUSTRI AL APPLI CABI LI TY
[Catalytic reactor]

A fixed-bed reactor is generally used for

isomerization, but a flowing-bed or moving-bed reactor

10 can also be used. Moreover, the direction of flow of
the reaction starting materials in the catalyst layer
can be in any direction, including from above to below
the catalyst layer, from the below to above the
catalyst layer, and from the center of the catalyst

15 layer to the outside of the catalyst layer. Recycled
hydrogen and starting hydrocarbons and starting
hydrogen that have been passed to the dehydration
device are fed to the catalytic reactor. These are
normally mixed and then fed, but they can also be fed

20 from separate inlets into the reactor. The starting
materials that will be fed to the catalytic reactor are
usually heated after dehydration in order to bring
their temperature to the temperature appropriate for
isomerization, but the catalytic reactor itself can

25 also have a heating means.

[Separation device]



-In accordance with the present invention, isonerization of hydrocarbons is
performed by bringing 5 starting hydrocarbons conprising a water

concentration of 5 ppmor less, particularly to 1 ppmor less, in terns of
the water weight, and a specific solid acid catalyst into contact with one
another in the presence of hydrogen. The isonerization can be perforned at

a 10 high effigj it hout i ntroducing chl orine conpaound to the
reaction systéﬁhﬁﬂgégﬁhé the specific sbpgu acid catalysﬂxjﬁﬁﬂéﬂbg),
because it is not necessary to introduce a chlorine conpound to the
reaction system the process 15 whereby the chlorine conpound is separated

fromthe reaction pceduetineArd e hNigried@ntnd nivied tIloh| Mg G iRFENT
corrosion by the chlorine conpound can be avoi ded. PCT/ JP99/ 06769 - 34-

PCT-9474(1, |ideviceA inetprod idled Fore sepalrading thed proddean Fdrefarddai ni ng
i soneri zed hydrocarbons, conprising: bringing a solid acid catal yst
conprising a gmpporthentatialytnier ireastpar tindies hyatogeh Ad GRNiredycRE or
hydrated zirconia, and a sul fureous conponent supported on the support into
contact wth sinar thiyeigoeatbons:.boThehhyidio genwaingd then dgirottardomof 5 ppm or
less in terms of the weight of the water in the presence of hydrogen. 2. A
met hod of §sompeoidugti eanobehpdpacartiednpasedooni nhe diffsrante drerein the
support in Caim1 conprises portions nmade of zirconia and/or hydrated
zirconia and phedirobeiddag poiaten aadasdeyr arpdusued 1y sepanad.ed3 byA

met hod of isonerization of hydrocarbons according to Claim1l or 2, wherein
the solid aci §e@&Salofsgageddauied siepagakiiont coopevers dheayegan @lsomet al
conponent selected fromthe group .of netals of 5 Goup 8 Goup 9, and
Group 10. 4. RemBERGFated byndisrddiletion hedCocadBordddtdonditey to any one
of Cains 1 through,3, erein the nolar ratio of hydrogen/starting

hydr ocar bons ﬂﬁO@%&ﬂﬁﬁf fY dxgcarbogsy hiher Ry dxRsaxooss PEPGUSden necessary

for 10 comprises a component that is starting hydrocarbon
residue, by-product resulting from decomposition of the
hydrocarbons, etc., and these can also be
simultaneously separated by the separation device.
The straight-chain or mono-branched hydrocarbons
15 included in the hydrogarbons from which hydrogen has
been separated, are further separated from the product,
mixed with starting hydrocarbon, and re-reacted and as
a result, it is also possible to further improve the
ratio of isomers in the product. A separation
20 technique using a zeolite adsorbent having a shape
selectivity or separation by means of distillation can
be used as for separation of the straight-chain
hydrocarbons, etc. from the product
[Compressor]
25 In the present invention, a compressor is used for

compressing the recycled hydrogen forwarded from the



PCT/JP99/ 06769 - 35- PCT-9474(1,11) 5 saturation of an unsaturated
conponent contained in the starting hydrocarbons and not greater than 10.

5. A nethod of isonerization of hydrocarbons according to any one of C ains
1 through 3, wherein the nolar ratio of hydrogen/starting hydrocarbon in
Claimlis from0.1to 10. 6. A solid acid catalyst for isonerization,

conprising:. a @ﬁP%kﬁ@gprising portioggénade of zirconbggﬁgﬁ?&iQSnggffg

zirconia and a ureous conponent supported on the s

acid catal yst being used for isonerization of hydrocarbons to obtain
i-sonmeri zed hydrocarbons by bringing starting hydrocarbons having a water
concentrat i on sefpa¥gipmmrdewise ito tdrermenfessrryl hrmasgiie Afediiereddtiat i nto
contact with said solid acid catalyst in the presence of hydrogen. 7. A
hydr ocar bon i $deedataliydriaerdass,om-onitiegiengiren melpadrtaidudramevi ce, whi ch
reduces water concentrations of starting hydrogen and starting 5

hydr ocar bons; r#s¢ql@tians readihsr stmaothinsh afhdhet aranipuessadr egerilamgl t he

starting hydrocarbons that have passed .
as the necessary pressure is obtained.

The present invention will now be described in
detail with examples.
Example 1

[Method of determining mean particle size]

10 The mean particle size was determined by a wet
determination method using MICROTRAC particle size
analyzer made by Nikkiso K.K. This involves
irradiating flowing powder with a laser beam and
analyzing the particle size based on the forward

15 scattered light.

[Method of preparation of solid acid catalyst]
Commercial zirconium hydroxide was dried to obtain

dry hydrated zirconium with a mean particle size of 1.2

pm. Then, 500 g of hydrated alumina (pseudo-boehmite

20 powder) with a mean particle size of 10 um was added to
1.50 kg of the dry hydrated zirconia powder. Next, 383
g of ammonium sulfate was further added and [the
mixture] was kneaded for 45 minutes with a kneading
machine with mixing blades while adding water. The

25 kneaded product thus obtained was extruded from an

extruder with a round orifice (diameter of 1.6 mm) and



-t.hrough sai d dehydrati on device and recycl ed hydrogen are fed and in which
a solid acid catal xst conprising a PCT/ JP99/ 06769 - 36- PCT-9474(1,11)

10 support which conprises portions made of zirconia and/ or hydrated
zirconia, and a sul fureous conponent supported on the support is charged; a
separation device, which separates a reaction product forwarded fromthe
catalytic rea } hydr ogen to beszecycl ed and a X

product; and gk?zﬁgpggggg, whi ch conpresggs t he recycledq%gg?gggﬁﬂﬁorwarded
fromthe separation device and feeds it to the catalytic reactor. 8. A

hydr ocar bon i soneri zati on device according to Claim®6, wherein a m xture of
the starting ladesyat did°€hsosehraingdnydpetiebsns Thehedthe timy
dehydration device described in Claim7. 9. A hydrocarbon isonerization
devi ce accor dib®) keFsCwgns Gadic ined\deizh hverss Wparx0°deser Phsdinnad aim 7
conprises porti,ons nade of zirconia and/or hydrated zirconia and portions
made of al um FAESHR shahed article fupportingga Al tygeous
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component in this light naphtha was 0.03 mol per 1 mol

light naphtha. Moreover, the water concentration of
the light naphtha as the reaction starting material had
25 been brought to 20 ppm by weight, 0.9 ppm by weight,

0.4 ppm by weight, and 0.1 ppm by weight by dehydration
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with MOLECULAR SIEVES 3A to provide reaction starting
material 2, reaction starting material 3, reaction
starting material 4, and reaction starting material 5,
respectively. As for the other impurities included in

S the reaction starting materials 1 to 5, the
concentration of sulfur compounds was 1 ppm by weight
or less in terms of sulfur, the concentration of
nitrogen compounds was 0.1 ppm by weight or less in
terms of nitrogen, the concentration of oxygen

10 compounds other than water was 0.1 ppm by weight or
less in terms of oxygen, the concentration of arsenic
compounds was 5 ppb by weight or less in terms of
arsenic, the concentration of lead compound was 20 ppb
by weight or less in terms of lead, the concentration

15 of copper compounds was 20 ppb by weight or less in
terms of copper, and the concentration of chlorine
compounds was 0.1 ppm by weight or less in terms of
chlorine.

Moreover, the hydrogen gas used in the reaction

20 had a purity of 99.99 vol% and a water concentration of
0.5 ppm by weight or less. As for the other
impurities, the concentration of sulfur compounds was 1
ppm by weight or less in terms of sulfur, the
concentration of nitrogen compounds was 0.1 ppm by

25 weight or less in terms of nitrogen, the concentration

of oxygen compounds other than water was 0.1 ppm by
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weight or less in terms of oxygen, and the
concentration of chlorine compounds was 0.1 ppm by
weight or less in terms of chlorine.

[Reaction method]

5 The solid acid catalyst was granulated to
particles of 16 to 24 mesh. Four milliliters of the
catalyst after being granulated was charged into a
fixed-bed flow reactor with a length of 50 cm and an
inner diameter of 1 cm and isomerization was performed

10 after pre-treatment. Pre-treatment of the catalyst was
performed at 200°C in a normal-pressure hydrogen gas
current.

Isomerization of the hydrocarbons was performed at

a reaction pressure (gauge pressure) of 30 kg/cm?, an

15 ©LHSV of 2 h™', a hydrogen/hydrocarbon ratio of 2
(mol/mol), and a reaction temperature of 150°C. The
reaction was started using the reaction starting
materials 1 to 4 as the starting materials and the gas
discharged from the outlet of the reactor was analyzed

20 by the gas chromatography after 200 hours from the
initiation of the reaction. The composition at the
outlet of the reaction tube, which is the analysis
result, is shown in Table 1. It is clear that
catalytic activity improves markedly when the water

25 concentration by weight of the starting material was 1

ppm or less.
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Moreover, the reaction was started at a reaction
pressure (gauge pressure) of 30 kg/cm?, LHSV of 2 h?,
hydrogen/hydrocarbon ratio of 0.14 (mol/mol), and
reaction temperature of 130°C using reaction starting

5 material 5 as the starting material and the outlet gas
of the reactor was analyzed by gas chromatography after
500 hours from the initiation of the reaction. The

results are shown in Table 1.
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Example 2

The same solid acid catalyst as in Example 1 was

used.

[Reaction starting material]

Light naphtha was used as the starting

hydrocarbon,

isomerization.

which was a starting material for

This light naphtha comprised 4.9 wt$%

butane, 56.3 wt% pentane, 32.6 wt% hexane, 2.3 wt%
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concentration of 1 ppm by weight or less. Moreover,
5 the hydrogen gas used as the starting hydrogen in the
reaction had a purity of 99.99 vol% or higher and a
water concentration of 0.5 ppm by weight or less.
[Isomerization device]
The structure of the isomerization device is shown
10 in Fiqure 1. The starting hydrocarbons were introduced
from the starting material tank 1 by the pump 2, while
the starting hydrogen was introduced from the hydrogen
line 3, with these starting materials being mixed in
the piping and introduced to the dehydration device 4.
15 The starting material that had passed through the
dehydration device 4 was introduced to the catalytic
reactor 5 in which the above-mentioned solid acid
catalyst had been charged. The reaction product in the
catalytic reactor 5 was introduced to the gas-liquid
20 separation device 6 and the hydrocarbon product was
taken out from the lower bottom piping 7. The
unreacted hydrogen that was separated by the gas-liquid
separation device 6 was emitted from the upper piping
8, compressed by the compressor 9, mixed with the

25 starting materials that had fed via the dehydration

device 4, and once again introduced to the catalytic
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reactor 5. MOLECULAR SIEVES 3A had been packed in the
dehydration device 4.
[Reaction method]
The catalytic reactor 5 was a fixed-bed flow

5 reactor with a length of 50 cm and an inner diameter of
1l cm and was heated from the outer periphery by an |
electric heater 10. Four milliliters of the solid acid
catalyst that had been granulated to particles of 16 to
24 mesh was charged into the catalytic reactor 5 and

10 isomerization was performed after pre-treatment. The
pre-treatment of the catalyst was performed at 200°C in
a normal-pressure hydrogen current.

Isomerization of the hydrocarbons was performed

under conditions of a reaction pressure (gauge

15 pressure) of 30 kg/cm?, LHSV of 2 h7,
hydrogen/hydrocarbon ratio of 2 mol/mol, and reaction
temperature of 150°C. Moreover, when the water
concentration at ‘the outlet of dehydration device 4
under these reaction conditions was analyzed with the

20 Karl Fischer moisture meter, the water concentration
was 0.4 ppm in terms of the weight of the water
concentration after 200 hours from the initiation of
the reaction. The composition of the hydrocarbons
taken out from the lower piping 7 was analyzed by gas

25 chromatography after 200 hours from the initiation of

the reaction.
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By way of comparison, reaction was performed
without charging MOLECULAR SIEVES 3A into the
dehydration device 4 served as reaction 1. On the
other hand, the reaction in which MOLECULAR SIEVES 3A
5 was charged into the dehydration device 4 was
designated as reaction 2. The compositional
proportions of hydrocarbons taken out from the lower
piping 7, which are the gas chromatography analysis
results, are shown in Table 2. The proportion of
10 isopentane with five carbons in cyclic saturated
hydrocarbons (isopentane/pentane), and the proportion
of 2,2-dimethyl butane with six carbons in cyclic
saturated hydrocarbons (2,2-dimethyl butane/hexane)
were evaluated for the compositional proportions. It
15 is clear that the results of the isomerization reaction
are markedly improved by bringing the water

concentration of the starting materials to 0.5 ppm or

less with the dehydration device 4.
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Compositional proportions at
Reaction
reaction tube outlet
starting
. Isopentane/ 2,2-Dimethyl
material
pentane butane/hexane
Reaction 1 0.504 0.054
Reaction 2 0.763 0.332
INDUSTRIAL APPLICABILITY

In accordance with the present invention,
isomerization of hydrocarbons is performed by bringing
5 starting hydrocarbons comprising a water concentration
of 5 ppm or less, particularly to 1 ppm or less, in
terms of the water weight, and a specific solid acid
catalyst into contact with one another in the presence
of hydrogen. The isomerization can be performed at a
10 high efficiency without introducing a chlorine compound
to the reaction system by using the specific solid acid
catalyst.
Moreover, because it is not necessary to introduce
a chlorine compound to the reaction system, the process
15 whereby the chlorine compound is separated from the
reaction product can be omitted and the problem of
equipment corrosion by the chlorine compound can be

avoided.
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l. A method of isomerization of hydrocarbons for
obtaining isomerized hydrocarbons, comprising:

bringing a solid acid catalyst comprising a
support which comprises portions made of zirconia

5 and/or hydrated zirconia, and a sulfureous component
supported on the support into contact with starting
hydrocarbons having a water concentration of 5 ppm or
less in terms of the weight of the water in the
presence of hydrogen.

2. A method of isomerization of hydrocarbons
according to Claim 1, wherein the support in Claim 1
comprises portions made of zirconia and/or hydrated
zirconia and portions made of alumina and/or hydrated

5 alumina.

3. A method of isomerization of hydrocarbons
according to Claim 1 or 2, wherein the solid acid
catalyst described in Claim 1 comprises at least one
metal component selected from the group of metals of

5 Group 8, Group 9, and Group 10.

4. A method of isomerization of hydrocarbons
according to any one of Claims 1 through 3, wherein the
molar ratio of hydrogen/starting hydrocarbons in Claim

1 is not less than the amount of hydrogen necessary for
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catalyst in the presence of hydrogen.
7. A hydrocarbon isomerization device,
comprising:
a dehydration device, which reduces water
concentrations of starting hydrogen and starting
5 hydrocarbons;
a catalytic reactor, to which the starting
hydrogen and the starting hydrocarbons that have passed

through said dehydration device and recycled hydrogen

are fed and in which a solid acid catalyst comprising a



10% p& & ()-10% p& & ()-10% p& & ()-10% p& & ()-#3

hL0410% p& & ()-10% p& & ()-#3

10% p& & ()-10% p& & ()-10% p& & ()-10% p& & ()-_?0410%40% p& & ()-10% p& &

"()-10% p& & ()-#3 (10% p& & ()-10% p& & () -

_?041094.0% p& & ()-10% p& & ()-10% p& & ()-10% p& & ()-#3

10% p& & () - 47N%s 0h 1L 1 10% >% & ()-M 9s10%&' ()- uF10% %.& ()-

F10% () - 10% ppm/@@ﬁgszsm [:-410% F:&1008& ()- M &y210%§'5§4§74(l’ﬂ)

80310%& ()- b@ %d0%& ()- 5& 10%& ()- u ! 10% % & () - M456] bA410%

F10%9& ()- F10% & ()- 9109%& ()-  109%& ()- 910994& ()- 10%0%|[: A410%

@ . Y4.0%#&'10) - suwpdiefiioh dafipised )poBMNStmade -oB1DWREON) a

+@0%R ()-' TVU410 YI0%& ()- L " -&10%BYB& ()-s 9109%& ()- 10940%40%

F: &1099&' () - L a@e A0 dted >f ifcanid) add 1098@€1 {)réohd 088Mponen®10%W&’ () -

1098& ()- L1098& ()- !, 1098& ()-[!V|[:vU410 &@ 1099& ()-L &$f 1098&' () -

9" 10984 ()- 9!=BIEPeRted -on MG YPpodlDIs@hdyg&d] [ 1 vU410 310%& ()-L

f &0 1098&' ()- F., 1099& ()- &, 1090& ()- *1099& ()- 9(10%& ()-~$9& KvU410

0, s$109%898&' () -y FAGCSERYItidndenios, shigyseepsratey 199 actions

10984 ()->x)|[:vU410 _ 9" 1098& ()- @L109%& ()- 9 10%4& ()-  1098& ()-

1098& ()- z 10epeseet )Eagyardad irom gehe)op@ra}yt i@ 1088@t Y - into MLOWBR' () -

C(1098& ()- " &1099& ()- ~$ 109& ()-_ Normal" "Heading 13]c" "Heading 23]c"

"Headi ng 33] c"hymmgtmdqq;"re%ﬁrdwga@]%"hycimrr@ors@@du%admg 73] ¢"

"Headi ng 83]c" "Heading 93]c"A "Default Paragraph

Font 9% q( - 2} 8=BJHVRW -CB{%& SRR GARRRGSERS | thy regygled

=1 #$9% r +m 035(,78} ; , .

B>@ACEF| KNDQSL*\)SE%R%%“_ LprAsd i T RS AGRARALID e ¢ | 28d HEASES6Ti mes
w RomanAri al rier. New'h .Root EntryWrdDocunent z

:\I'('e#$o/£lm(a) x4 ?ﬁ%hi@ﬁﬁ%alﬁ:lc TEadLor «

<=>?@BCDEFGH JKLMOPQRS TN M on- ARGHSL B4 K IO 8L Uyeayzdl Ag

to Claim 6, wherein a mixture of the starting hydrogen
and the starting hydrocarbons is fed to the dehydration
device described in Claim 7.

9. A hydrocarbon isomerization device according
to Claim 6 or 7, wherein the support described in Claim
7 comprises portions made of zirconia and/or hydrated
zirconia and portions made of alumina and/or hydrated

5 alumina.



