SPECI FI CATI ON  SOLI D PHOSPHORI C ACI D CATALYST AND METHODS OF OLEFI N

DI MERI ZATI ON REACTI ON W TH THE SAME TECHNI CAL FI ELD The present invention
relates to a solid phosphoric acid catalyst conprising a phosphoric acid
supported on a carrier and relates to a nmethod of a selective olefin

di meri zation reaction with the same. BACKGROUND ART An oligonmer of olefins
is used for many purposes and especially a dinmer of |ow nolecular olefins
(for exanple, propylene, n-butene, isobutene, pentenes) has inportance as a
base material of the high-octane materials for gasoline
production and a chem cal inter %ﬁgﬁgﬁﬁ&mct An ol igonerization including
a dinerization of the olefin is conducted by the use of an acid catal yst
where na udy be on p t t.~gh
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mixture, and an acid supported on carrier are given as conventional examples, and
many studies on the solid phosphoric acid which can provide an inexpensive and
convenient production process, have been conducted.

For example, the oligomerization method of propylene by using the solid phosphoric
acid prepared under the calcination condition of 100 C or more (Reference Patent
Document 1) and the oligomerization method of propvlene by using the catalyst
(catalyst comprising silicone orthophosphate and silicone pyrophosphate) which is
prepared by a crystallization of an amorphous mixture of the phosphoric acid and
siliceous raw material under the condition of 250C-450C and the steam concentration
3-50 mole %( Reference Patent Document 2), have been disclosed.

Also, a condensation degree of the phosphoric acid in the solid phosphoric acid
catalyst has been known to influence on the activity of the oligomerization reaction of
the olefin since early times, and for example, example of the oligomerization of olefins
such as C3 and C4 and others using supported phosphoric acid catalyst with small
welight ratio of free phosphoric acid to the catalyst are disclosed. The free phosphoric
acid are designated as can be eluted by immersing the catalyst in water (correspond to

non-condensed or low-condensed phosphoric acid such as orthophosphoric acid and



menti oned above corresponds to 31 mass % or |ess as the phosphoric acid
conposition. (Reference Patent Docunent 3, Non-Patent Docunent 1). Al so,
according to the Reference Patent Docunent 3, the physical perfornmance of
the catalyst is nade to deteriorate when the solid phosphoric acid catal yst
is hydrated excessively, so that the hydration of the catalyst is
controlled so as to nake the predeterm ned |evel (corresponds to the above
ment i oned phosphoric acid conposition) by feeding the raw nateri al
cont ai ni ng an adequate anount of water after conducting. drying of the
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Reference Patent Document 1: JPH08-292518B

Reference Patent Document 2: JPH07-59301B

Reference Patent Document 3: JP2001-199907A

Reference Non Patent Document 1: “Applied Catalysis A: General”, 1993, 97, p.177-196.

DISCLOSURE OF THE INVENTION
[Problem to be solved]

The present invention is to provide a solid phosphoric acid catalyst having high

reactivity and dimerization selectivity in the dimerization of an olefin and to provide the
effective dimerization reaction method of the olefin.
[Method to solve the problem]

The first embodiment of the present invention relates to a solid phosphoric acid
catalyst comprising: a phosphoric acid, including compounds forming the phosphoric
acid by hydrolysis, supported on a carrier, wherein an water content of the solid
phosphoric acid catalyst defined as a weight loss obtained by heating at 250°C for 20

minutes is 50 mass% or more based on a diphosphorus pentaoxide (P20s) derived from



t he phosphoric acid. The second enbodi nent of the present invention relates
to a nethod for dinerizing an olefin, wherein the dinerization reaction is
started by bringing a raw material containing the olefin containing an

wat er of 10-1000 mass ppminto contact with the solid phosphoric acid

catal yst according to the first enbodi nent of the present invention. The
third enbodi nent of the present invention relates to a nethod for dinerizing
an olefin conprising the follow ng 3 steps sequentially: step 1. bringing a
hydr ocar bon contai ni ng water of 10- 1000 rmass ppm and cont ai ni ng
substantF%ﬂP%P ABP #Fn into contact with the solid phosphoric acid catalyst
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[Effectiveness of the invention]

The solid phosphoric acid catalyst according to the present invention is suitable
especially for a dimerization reaction of an olefin where an olefin dimer is effectively
produced since the preparation of catalyst is convenient, and activity and dimer
selectivity are high, and a catalyst life is long. Also, by the use of the catalyst according
to the present invention, the reaction can be initiated surely and stably.

[Best Mode for Carrying Out the Invention]

The present invention will be described in detail as follows.

As a carrier used for the solid phosphoric acid catalyst according to the present
invention, materials are not limited specifically if the phosphoric acid can be supported,
and preferably, the molded product of siliceous carrier such as diatomaceous earth,
infusorial earth, celiate earth, Kieselguhr, kaoline, fuller’s earth, artificial porous silica,
and molded product of their mixture can be listed. In case that the carrier is produced
by molding, the calcinations can be conducted in any temperature condition for the

purpose to provide a sufficient strength, a pore volume, and a specific surface area. With



purpose to provide a sufficient strength, a pore volunme, and a specific
surface area. Wth 3 respect to the nolding nethod and the shape of the

nol ded product, no restriction is provided specifically, and for exanple,
various types such as granular, plate-like, and pellet-like product can be
made by tabl et nolding, extrusion nolding, spray dry, tunbling granulation,
granulation in oil and the like, and the granul ation size can be nade to
approximately 0.5-5mm As the phosphoric acid, for exanple, an

ort hophosphoric acid _and its condensation_ products nyrophosphqric aci d,

pol yphos piBeGtEo 4B srolgine medhed aes) thesshape of iths wglded proquise nocisebfictiaR i onpounds
whi g;l [ fspfbwdiealsplé@ﬁcm@, iﬁtﬁfoﬁfwsmbm varig@d erpbd ?&hmsg@uﬁﬁl@f, patellike, ar@osEhFri C
acid), for npl e, 0 orjc.aci ster. of carhon n er 1-8 -al coho
20 canesE iRyt BB AR aPlst g ting: SSRHOT B Bigp PR o Tor 1 he
phosphor tumbliigdgraaulabien catanulation in bilendahallikst andlthe gphndpliar siee cacbd i S

cal cul at ed 8% & he orth B_%ssphori c acid and the phosphoric acid other than

ort hophoénﬁh(%rl%ppé?:jflgm‘lugpcal culated in terns of the ort hophosphori c acid
which is 4% téudwdplwhrenadd; dpo kxareple campttbppiopphdderagichafid és, cohddngatsamppor t ed
phosphor i i 3“%?? T A S %0.; f - % . When t he
support eg&g%gdg g? [ déP%c\)/%"/le?r éct%}] iﬁry%ﬁgsﬂvﬂgﬁg é‘&:ﬁ% lri11tﬁ itgéng%)é_ %%0%80 ee,Jilgs'?e I's ﬁ?\ (é% ¢

pr ef er abkkemicgccomprunds which ighpdnolyzad ito the plasphorimacad (theiprgeursprjopghe Al so,

suppor t i BgJFRESe m[qa;‘%?gﬁg?ﬁ 18Gd shdsPREYiIERNM R0 c2BOY Ruber HBTL1EdhYl {150 The

solid phosphoric aci a aﬁjyst according to the present invention iIs
pr epar ed cHyPe igfpdiet:ither MHEtuEnBe¥beed-aci d on the carrier, and it is
i npor t ant THagropi€icd B0 URY plfsphtad £4id ik thdearsiat 8l dstcally i (TREl pRSsphhge Wei ght

| oss on heat.ing. t at 641 st at 25%1 dor.. 20m nutes is .50nmass% or, nore
(0: Smass SRS & 10 THEPHTBRBIpASLE D e ABRPR S CPRCET U PUeq from
t he phospithoplosploirid. adian dahelapdunt tedins wat the abthahngthosis acidivglith ioss on
heating is W % Lt I oty pref grahl,e sinc he reaction, activity
of "t e oP e EER; DA bp S e O bR REE R SR s IR SBLer 1 ¢
of the asmontt’) ofl0wd0enasshi arefedblys3(-h) mesght Wipssthesuppatédanaintfiers
dependi ng,,qn tﬂ%@tl?e“%‘l’@é’ ﬁlﬁﬂtéorféﬁ%m?@ft'i P@&ﬁx@%?z&’dlé‘fsih%th%%ﬁ‘ bRk Q0 Nd Ki nds
of carri er, an not rm te Specl f_l cally, ut In_case O an excess anount
of wat er reacten aghbuiytis dfw. pikess porertangeiore Bhgsplerriceadidothan aegntiospd povedisie to be
| ow so tRQatiei@eneral ly, the amount of water is 1,300mass% or |ess (13nass
times or I,ﬁlss) ..and p&:e_f erigbl 600mass,. % or | ess(6nmass tinmes), or_ nore
or of er abl yineAslitabesmhobr arBalalyecariingao he PEeS): npRon i RESRARELIN of P205
in the caipfoyteig canplhgplaicatidbedhdyarriee, didfit &y BRLtHEtH@Cthe dnfRint 651 dual
amount V\A;]\rlagerll* ii‘l%hg lgztit%iyrgg gbtg}/neﬁua%tt{ig(\:wtelig%q 185]:3 otn eea 1?18‘%1% ca g}ylsg Qt? gSO%'fgrht

20minutes is 50mass% or more ((.5mass times or more ) to the diphosphorus pentaoxide

(P205) derived from the phosphoric acid. When the amount of water obtained as

weight loss on heating 1s below 50 mass %, it is not preferable since the reaction activity

of the olefin dimerization and selectivity become low. Also, the upper limit of the amount

of water obtained as the weight loss on heating differs depending on the supported

phosphoric acid solution concentration and kinds of carrier, and not limited specifically,

but in case of an excess amount of water, the amount of phosphoric acid supported on

carrier is made to be low so that, generally, the amount of water is 1,300mass% or less

(13mass times or less), and preferably 600mass % or less(6mass times), or more

preferably, 400mass % or less(4dmass times or less).

Here, the amount of P2Osin the catalyst can be calculated by the difference between
the residual amount which is obtained by subtraction of the above mentioned weight
loss on heating from the catalyst mass (the total amount of the carrier and P:0s) and

the carrier amount obtained by washing and drying of the catalyst. The measurement of

the weight loss on heating can be conducted by the general thermogravimetric analysis



| oss on heating fromthe catal yst mass (the total anount of the carrier and
P2C6) and the carrier anpunt obtained by washing and drying of the

catal yst. The neasurenent of the weight |oss on heating can be conducted by
t he general thernogravinetric analysis 4 and usually is carried out under
the inert gas atnosphere such as N2 gas and the |ike. The preparation of
the catal yst by supporting the phosphoric acid on the carrier can be
conducted by the imersion of the carrier in the phosphoric acid solution
with the subsequent renoval of the surplus phosphorlc acid solution. The
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and 15T or more is more preferable. After the immersion, by usual method such as
filtration and the like, the catalyst preparation can be completed by the removal of the
excess phosphoric acid solution. A special drying process to remove water is not
necessary, and so far as to the extent that the weight loss on heating achieves the
predetermined value, the drying process is permissible to conduct properly.
As the olefin for the olefin containing raw material, the mono-olefin having carbon
numbers 3-7 is suitable, and any of straight chain, branched chain, and cyclic olefin-can
be used, and can be used both solely or as mixture of those olefins in accordance with
the intended product. In detail, propylene, butenes (1-butene, cis-2-butene,
trans-2-butene, isobutylene), n-pentenes, isopentenes, cyclopentenes, n-hexenes,
ischexenes, cyclohexenes, n-heptenes, ischeptenes, and cycloheptenes can be listed.
Here, the olefin dimerization 1s defined that 1 mole of the olefin is produced by the

reaction of 2 moles of the raw material olefin (In case of the olefin mixture raw material,



the intended product. In detail, propylene, butenes (1-butene, cis-2-butene,

trans-2-butene, isobutylene), n-pentenes, isopentenes, cycl opentenes,

n- hexenes, isohexenes, cycl ohexenes, n-heptenes, isoheptenes, and

cycl oheptenes can be listed. Here, the olefin dinerization is defined that

1 nole of the olefin is produced by the reaction of 2 noles of the raw

material olefin (In case of the olefin mxture raw material, 5 the mutua

reaction between the different raw naterial olefin is included.). According

to the present invention, as the olefin, for exanple, butenes are suitable
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concentration of isobutylene can be used. Those fraction containing high concentration
of iscbutylene can be obtained by removing normal butenes and normal butane by
distillation (or reactive distillation) of FCC-C4 fraction or raffinate from butadiene
extraction process of C4 fraction from naphtha cracker.

In case that these fractions are used for the butenes dimerization reaction, a small
amount of impurity such as butadiene and the like can be included to the extent of
providing negligible effect on the reaction.

Also, for the purpose to remove reaction heat, the olefin containing raw material
containing solvent can be used. Any sclvent can be used if the solvent is a liquid phase
while dimerization reaction condition and is essentially inactive to the solid phosphoric
acid catalyst. For example, hydrocarbons such as n-paraffin, iso-paraffin, naphthenes,
and aromatics and the like can be used. The saturated hydrocarbon such as butanes or
like of the above mentioned raffinate or Cs fraction also works as the solvent. As the

amount of solvent, the ratio of clefin to total amount of olefin containing raw material

which contains olefin and solvent is to be 1-70mass %, preferably 10-65mass %, and



cont ai ni ng sol vent can be used. Any solvent can be used if the solvent is a
liquid phase while dinmerization reaction condition and is essentially
inactive to the solid phosphoric acid catalyst. For exanple, hydrocarbons
such as n-paraffin, iso-paraffin, naphthenes, and aromatics and the |ike
can be used. The saturated hydrocarbon such as butanes or |ike of the above
mentioned raffinate or C4 fraction also works as the solvent. As the anount
of solvent, the ratio of olefin to total amount of olefin containing raw
material which contains olefin and solvent is to be 1-70nass % preferably
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brought mto contact with the schd phosphoric acid catalyst directly, but before the
olefin containing raw material is brought into contact, a hydrocarbon with essentially
containing no olefin (hereinafter non-olefin hydrocarbon) are preferable to be brought
into contact.

Initially, a catalyst layer is filled with the non-olefin hydrocarbon and is subjected to
replace by feeding of the olefin containing raw material gradually so that the radical
temperature increase by the reaction heat of olefin dimerization can be inhibited. Also,
by bringing into contact with the non-olefin hydrocarbon, the surplus (non-supported)
phosphoric acid solution which could not be removed by filtration during the catalyst
preparation can be removed. All kinds of the non-olefin hydrocarbon can be applied if
essentially inactive while contacting with solid phosphoric acid catalyst, and preferable
where the liquid state is made to maintain at temperature and pressure of olefin
dimerization reaction initiating condition shown in the followings. For example, the
hydrocarbon such as n-paraffin, 1so-paraffin, naphthenes, and aromatics can be applied.

After the solid phosphoric acid catalyst is brought into contact with the non-olefin



tenperature increase by the reaction heat of olefin dinerization can be
inhibited. Also, by bringing into contact with the non-ol efin hydrocarbon,
t he surplus (non-supported) phosphoric acid solution which could not be
removed by filtration during the catalyst preparation can be renoved. Al

ki nds of the non-ol efin hydrocarbon can be applied if essentially inactive
while contacting with solid phosphoric acid catalyst, and preferable where
the liquid state is made to mai ntain at tenperature and pressure of olefin
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olefin containing raw material and the non-ol efin hydrocar bon
drying (decrease of the amount of water contained in the catalyst), water is important to

make to coexist with the olefin containing raw material and the non-clefin hydrocarbon
brought into contact with the catalyst. The feeding method of water is not specifically
restricted and the method such that the predetermined amount of water is dissolved
into the olefin containing raw material by the mixing installation and subsequently
feeding into the reactor, is listed. The water amount in the oclefin containing raw
material and non-olefin hydrocarbon is 10-1,000mass ppm, preferably 30-500mass ppm,
and more preferably 50-300mass ppm.

In case that the amount of water is too small, the amount of water contained in the
catalyst decreases so that the activity and selectivity decrease. On the other hand, the
large amount of water is not preferable since the excess amount of water (specifically
exceeding amount of water to the saturated amount of water in the olefin containing

raw material) makes to elute the phosphoric acid in the catalyst so that the activity



brought into contact with the catalyst. The feeding nethod of water is not
specifically restricted and the nethod such that the predeterm ned anount
of water is dissolved into the olefin containing raw material by the m xing
installation and subsequently feeding into the reactor, is |listed. The
water anmount in the olefin containing raw material and non-olefin

hydr ocarbon is 10-1, 000mass ppm preferably 30-500mass ppm and nore

pref erably 50-300mass ppm In case that the anount of water is too small,
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the catalyst is determined to be 35.5mass %. Accordingly, the proportion of 205 in the

catalyst is made to be 19.5mass %, and the proportion of the weight loss on heating to

P20s is determined as to be 230.8mass %.

2g of the solid phosphoric acid catalyst A is packed to the tube type stainless steel

reactor (inner diameter 8mm) and from the upper part of the reactor, the olefin

containing raw material (isobutylene 30mass%, n-butene bmass%, n-hexane 65mass%,

water 250 mass ppm) is fed at 21.3g/h  (WHSV=30h71), and a part of the effluent

liquid discharged from the lower part of the reactor is made to flow together in feed as

recycling (recycling ratio R/F=4). The dimerization reaction is conducted for 30 days

continuously while the pressure is made as 1.0MPa, and the temperature of the catalyst

layer is made as 80°C. The reaction results are shown in Table 1.

[EXAMPLE 2]
2g of the solid phosphoric acid catalyst A is packed to the tube type stainless steel
reactor (inner diameter 8mm) and from upper part of the reactor, n-hexane containing
50ppm of water is fed at 21.3g’h (WHSV=30h 1), and while a part of the effluent liquid



P2C5 is determned as to be 230.8mass % 2g of the solid phosphoric acid
catalyst A is packed to the tube type stainless steel reactor (inner

di aneter 8mm) and fromthe upper part of the reactor, the olefin containing
raw material (isobutylene 30mass% n-butene 5mass% n-hexane 65mass% water
250 mass ppm) is fed at 21.3g/h (WHSV=30h-1), and a part of the effluent

| iquid discharged fromthe |ower part of the reactor is nmade to flow
together in feed as recycling (recycling ratio R/F 4) . The dinerization
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Bt 1.0 i

the weig SS_on heati ngé (wat er) 2mass carrier and P206

in the cdPeVBLEds éhe weighf depsionp lsﬁ@t@ﬁe(ygte% Bt %@a¥rﬁés§% theeepiseier py@l y, and

the progoni hpfhleatMﬁétgﬂE rbR3Rdan PRl 41 REEB kS, ety laRd 2RO. 2mass%
By using the solid phoric aci ghéz%éal yst. B | eft in the reactor, fromthe

upper paPFeRoFtion ‘Pfé"el‘@’é ps5on heaHag dhitestlsedig B9 FASHE- water is fed at
239/ h ( VHSBud} tHe) solid fHospheoric acid catalyst B left in the reactor, from the upper part of

the reactor, n-hexane containing 50ppm of water is fed at 23g/h (WHSV=30h™1), and
while a part of the effluent liquid discharged from the lower part of reactor is made to
flow together as recycling in feed (recycling ratio R/F =4}, the pressure and temperature
are controlled to the reaction initiation condition(1.0MPa, 100C). Since the pressure
and the temperature became stable at the reaction initiating condition in approximately
one hour after feed initiation, the feeding is changed over to the olefin containing raw
material (iscbutylene 30mass%, n-butene 5mass%, n-hexane 65mass%, water
250mass%), and after 24hours (one day) the temperature of the catalyst layer is
changed to 80 and subsequently the dimerization reaction is conducted for 28days
continuously. The reaction results are shown in Table 1.
[EXAMPLE 4j

The catalyst preparation is conducted as same in EXAMPLE 1. However, the catalyst
drying is conducted in the room of temperature 25 and the humidity 50% by
conducting the analysis as same in EXAMPLE 1 and the solid phosphoric acid catalyst
C is obtained in which the ratio of weight loss on heating to P:0s is determined to be

51.0 mass%. The weight loss on heating (water) 1s 15.2mass%, the carrier in the catalyst

10



while a part of the effluent |iquid discharged fromthe |ower part of
reactor is made to flow together as recycling in feed (recycling ratio RF
=4), the pressure and tenperature are controlled to the reaction initiation
condition(l. OWa, 100 C). Since the pressure and the tenperature becane
stable at the reaction initiating condition in approxi mtely one hour after
feed initiation, the feeding is changed over to the olefin containing raw
mat eri al (isobutyl ene 30nmass% n-butene 5mass% n- hexane 65mass% wat er
250nass )., d after hQur one ,day) the tenperature of the catalyst |ayer
is chand éagp@%ﬁ%@aﬁﬁﬁz‘gﬂﬁggéﬁlgﬁ/?y the dinerization reaction is conducted
for 29daysThednmtdrfmtim$ reactidins comhctddors saaslihEX AATELE Bewrept nsihgibhesolid

[EXAIVPLE he catal aratj.on_is;.condyct ed me in EXAVPLE 1.
However, 01"tc aFId cﬁyas%srtg ?gef%acé%“r Su%ts 5 ér}!wfwﬁlemﬁggial(‘)f t enperature 259C

and the HlEEﬁAMli’IyE 51)% by conducting the anal ysis as sane in EXAMPLE 1 and

the solid RROSHI bR iRl lotedad SnfLALIAAPLE JRLGR HASHERRER Of

wei ght | oss on ating t I's determ ne e wei ght
| 0ss on reataimpe (ke anjterisl TompepraaDgis t made sy iseputyleng h8massla| pdutengQ |s

55. 0 massyRfasangl IE’%Q:?A:& @!ﬁneﬁs@%s%é%ermﬁ)rﬂhs@eﬁbrﬁa&h@ﬁhé %é‘gsfshfbnlé sagOngduct ed as
sane in EXAVPLE 2 except using.the solid horic _acid catal yst C. The

react i on ¥R 1and e tempeatyrs Ofﬁﬁqaév s§ lay[eEF@AWEEaS]MEfﬁe The reactivnTeitsr eact i on

i S conducdire@hd@m marabld N EXAMPLE 2 except that the olefin containing raw

mat eri al [@m%on is made as isobutyl ene 8mass% n-butene 27mass %

n- hexane lwat er 250mass ppm and the pressure is made as 2. 0OWa,

and the teﬂr'bedﬁﬁsﬁzatleﬁ rmtia{ ;ss:bnd\ﬁ:y@rasi iR XMPAB R exdéie theahe ofinr esul t's

are shovvn in.Table aL VP 6liod | er | atlop ﬁ.j:tlonols conduct ed as

sanme in lﬁgiagx{:“e Pt QF"FP’F% 1°%|1%f‘]“% COnEACAING Taw e Al e

conposi t |2ﬂmass %rmteiomte@ommnse%enz&nm%mm%e miaeare2508Guergen, %4nd the

cycl opent ane; pANg d, pressure
&Q&“W%@n dJ‘z BRPLARS ﬁg) Re 6F T%ﬁ?&%ﬁ?&ﬁ@msﬁﬁ 15 ngc.

is made he t enper at ur cata l'ayer is made as 145 C.
The r eactTherrepdivn|resultgrase shpwwhin Tableabl e 1 [ EXAMPLE 7] The dimeri zation
reaction [gxas@CiIgt ed as sane in EXAMPLE 2 except that the olefin
containing raw material conposition js nmade as, jsqbut é ene 20 mass%

n- but ene  Bhaduneyizatign raqtiathis condictad assamaindnAMBLE Zereny thabddRr eletBmas s %

wat er 250§B&Sning raw material composition is made as isobutylene 20 mass%, n-butene
3mass %, isopentene 7mass%, n-pentene 10mass%, n-hexane 60mass%, water 250mass
ppm, and pressure is made as 1.5MPa and the temperature of catalyst layer is made as
120°C. The reaction results are shown in Table 1.
[COMPARATIVE EXAMPLE 1]

The catalyst preparation 1s conducted as same in EXAMPLE 4, and the solid
phosphoric acid catalyst D is obtained as the ratio of the weight loss on heating to P20s
is made to be 31.5mass%. The weight loss on heating (amount of water) at this time is
10.1mass %, the carrier in the catalyst 1s 57.8mass%, and P20s is 32.1mass %.

The dimerization reaction is conducted in the same way as in EXAMPLE 2 except
that the solid phosphoric acid catalyst D is used. The reaction results are shown in
Table 2.

[COMPARATIVE 2]

The dimerization reaction is conducted as same in EXAMPLE 2 except that the olefin
containing raw material (isobutylene30mass%, n-butene 5mass %, n-hexane 65mass%)
of containing essentially no water 1s used. The reaction results are shown in Table 2.
[COMPARATIVE 3]

The dimerization reaction is conducted as same in EXAMPLE 2 except that the olefin

containing raw material 1s made to 1sobutylene 30mass%, n-butene Smass %, n-hexane
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ppm and pressure is made as 1.5MPa and the tenperature of catalyst layer is
made as 120 C. The reaction results are shown in Table 1. [ COWARATI VE
EXAMPLE 1] The catal yst preparation is conducted as same in EXAMPLE 4, and
the solid phosphoric acid catalyst Dis obtained as the ratio of the weight
| oss on heating to PzOs is nade to be 31.5mass% The wei ght | oss on heating
(amount of water) at this tine is 10.lmass % the carrier in the catal yst
is 57.8mass% and P25 is 32 | mass % The dimerization reaction is conducted
inthe s 2 T&X . that the.soli. horic acid

catal yst BIs" ﬁ’se%er iI]’ﬁe raésaS |mc‘)rr{“?l r %%%P A é;s? %?A}ho“fnnlg’ #ﬁgsj; 2. [ COVPARATI VE
2] The dinerization reaction is conducted as sanme in EXAMPLE 2 except that

the ol efi Q‘abl%@b/@ﬂa@sf‘%&ﬁ%c%ﬁ‘ﬁehﬁk (i sobut yl ene30mass% n-butene Smass %

n- hexane 65/ra5sY ot—contarhrrhgressenttak-y rcm ' § used—TFhe—reaction
results are shovvn in Table 2. [ oM ARAHVE ’213 Pe—drheri-zat+ep—Freaction i s
conduct e xcept fPlﬁLAme_onghfn_LoﬁLa mﬁm LaAX/_

mat eri al |iCatalwtiweigbt osobut yl ene 30RRE %30 PukgBe| BBSS Mo Nt g@(gn
65mass% |waherting/P2064mass’ppm The reagtion esu'?t r e ;shown irin Tab %

|
Tabl e 1: | @ake ansduntintoiBes&@htdminResul t |[EXAMPLES 112 3 4 5 6 [ tla st
wei ght |c>s@waa®er§?ms§paﬁo 2 SfEL{ %%0.8?593)%50230.%50 cnzﬁ%ati?‘lfé? p278Y

(mass% \ater apount | nglres{ol ncontai ni ng 250 250 250 250 250250 (250 T aw
material |(mass ppm) Jo ‘%/em n 61 63 98 @1 38881 59s810ff aisef | n4% Af t & .
"""""""" o U e e e e S A P
--------------- LS | Dimerigationr - 5----a5-1--z B Qouns rﬁerl atli on, 92 92
75 85 94|92 93 g&hpgsctsdmﬁxyty)%l %9275@9&' 02! 0%

_______________ L - = i | - ——t = = = - S e [

-------------------- -Dimer ylBld"r | yisel d %%H6| 58666| 669 36 3B 5p BReactﬁﬁon

Reaction
result Conversion
of olefin % 84 84 87 83 51 53 78
Dimerization
30 days o 82 83 83 84 92 90 86
. selectivity %
¥*1
Dimer yield % 69 70 72 70 47 47 67

¥1) Initiation time of feeding of olefin containing raw material is made to be starting point.

Table 2: Catalyst and Reaction Result

COMPARATIVE EXAMPLES
1 2 3
Catalyst weight loss
on heating/P205 (mass%) 31.5 230.8 230.8
Water amount in olefin containing 950 0 1500
raw material (mass ppm)
Conversion
of olefin % 54 64 40
Dimerizatio
5hours 12abon 82 93 94
%1 selectivity%
_ Dimer yield % 44 60 38
Reaction
result Conversion
of olefin % 42 58 15
Dimerization
30 days L 69 81 90
%] selectivity%
Dimer yield % 29 47 14

1) Initiation time of feeding of olefin containing raw material is made to be starting point.
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-------------------------- Dyield %69 70 72 70 47 47 67 X 1) Initiation
time of feeding of olefin containing raw naterial is made to be starting
point. T3] ' Reacti on Result COVPARATI VE EXAMPLES 1 2 3
Cat al yst ﬁ%@?@?@?ﬁﬁﬁ@%ﬁ P205 (nass% 31.5 230.8 230.8 \Water amount
i n ol efi n FToasdidphgprRir @1dGE0ystraggerdmgde tied préseas saveptipn Gonbeenaiimlly54 64 40

of ol efin_ %: PR TP SR CyP e B P PR STl T
r!apéh@?i Tt@ the mdl'xstrl:ag ﬁ%p;hcgflg of the olefin dlmg)z‘lz%téongxfactsme \ é\g?ir{l/?rﬁt)%%,u -
yi el d % 4hegdidghospherie aahcatalysl accagingde shepresgnt dheehonap be gsefdor Wfet er

""""" various Feactions of usingthe acid 'catagr'st suchas the olefisi hydration reaction and the”
-------- 30days Dinerization 69 81 90 X 1 selectivity% -

---------------- Dinmer yield %29 47 14 X-1) Initiation time of feeding of
olefin containing raw material is nade to be starting point. 12 | NDUSTRI AL
APPLI CABI LI TY The solid phosphoric acid catal yst according to the present

i nvention can be naturally
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applied to the industrial application of the olefin dinerization reaction,
and noreover, the solid phosphoric acid catalyst according to the present
i nvention can be used for the various reactions of using the acid catalyst
such as the olefin hydration reaction and the alkylation reaction of
aromati c conpound and the like. 13 What is clainmed is: 1. A solid phosphoric
acid catal yst conprising: a phosphoric acid, including a conpound form ng
t he phosphoric acid by hydrolysis, supported on a carrier, wherein an water
cont ent o&%tp oI| phosphorlc acid catal yst defined as a weight |oss
obt ai ned ﬁéé??ﬁ at 250°C for 20 minutes is 50 mass% or nore based on a
di phosphot. usA pdwdt aivospbierid RRUS patadyst \:tedlpft'isbl’gl thephphephosad, acluding?2.a A
met hod fo ' [ ' [ tio, t

Conftolld !f&lnglggaé}{r%a oSphdtic %}%Q Con ‘&f‘slsd Hﬁﬁdrél% (1J1| D S RE LWPeiS

started by rrngin teri n cont’al ni ng an
wat er of AOWaEooonterisof phersolidnhesphnmicasid %talhsttd@ms@ R$ @ weiebs prise phtainedi d

catal yst @yCEQth{fgn& ﬁ.ﬁ]c’@lf@i‘ B InindtesAs RY RAckof QF HirdBidsed PY aat'ﬁpﬁl)s%fhbﬂls
conprising t | owi ng 3 steps sequential|y: step 1: bringing a

hydr ocar begitaesied P shdepepddrom the phosplygs asilss ppm and cont ai ni ng
substantially no olefin |nto contact with the solid phosphoric acid catalyst
according_t . Step 2: trolllng a pressure and a .tenperature to

(0] .
the reactforf fnﬁﬂtofig%ﬁ %\ﬁl%ﬁ@. w 15 whergin the dpmarigatipe reaciiop dh stastedtion. step

3: initi abrhiifgng Heavd Mﬁﬁé’riaﬂ@bzﬁﬁﬁﬂuﬁ@&fe’tdlﬁﬁl dmymaiﬁmgml wget dfe0hNd0 aeas bpm W th an
olefin con%alnln ter .of 10-1000 mass ppm and

[ t t
bringi ng ¥ %conﬁﬂcg?"i‘t Vgpggx?lﬁllf}éors?}gq% al(g a@%ﬁ"{' Zeordmedo FRM do i d phosphori ¢

acid catalyst. 4. The nethod for dinerizing the olefin according to clain8,
her 1138 BRBARAIN L0 o AR SABU 006 LD SR BBufoer 11 L0
di meri zat i @wprlehnnmgi a|hbrdeocsxk@mcgmtarryngwatee of19-200Q mass Imme@rnt-;conlaanmg
substantially no olefin into contact with the solid phosphoric acid catalyst according to
claim 1.
step 2: controlling a pressure and a temperature to the reaction initiation condition of
the olefin dimerization reaction.
step 3: initiating the dimerization reaction by replacing the hydrocarbon with an
olefin containing raw material containing water of 10-1000 mass ppm and bringing the

olefin raw material into contact with the solid phosphoric acid catalyst.

4. The method for dimerizing the olefin according to claim3, wherein the temperature in
the reaction initiation condition according to the step 2 is higher by 5-50C than the
reaction temperature of the olefin dimerization reaction in a stationary state after the

step 3.
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