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 catal yst conprising a phosphoric acid
supported on a carrier and relates to a nmethod of a selective olefin
dinerization reaction with the same. BACKGROUND ART An ol igoner of ol efins
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 nunber base materials for gasoline
production and a chemi cal i nterdRECIFIEAPI@duct. An ol i goneri zation including
a dinerization of the olefin is conducted by the use of an acid catal yst
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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 propylene 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 250°C-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

weight 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 nmateri al
contai ni ng an adequate anmpunt_ of water after conducting drying of the
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Reference Patent Document 1: JPH08-29251B

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 phospl_loric acid
catalyst comprising: a phosphoric acid, including compounds forming the phosphorie
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 250C for 20

minutes is 50 mass% or more based on a diphosphorus pentaoxide (P20Os5) 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

t hi rd enbodi nent of the present invention relates to a nethod for dinerizing
an olefin corrpri sing the following 3 steps sequentially: step 1: bringing a
hydr ocarFon co tai ni.ng water of 10-1000 mass ppm and cont ai ni ng
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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 effecﬁvely
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
approxi mately 0.5- 5nn1 As the phosphoric acid, for exanple, an
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20minutes is 50mass% or more (0.5mass times or more ) to the diphosphorus pentaoxide
(P205) derived from the phosphoric acid. When the amount of water obtained as
weight loss on heating is 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(4mass 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 P20s) 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
P205) and the carrier anpunt obtained by washing and drying of the
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and 15C 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,
isohexenes, cyclohexenes, n-heptenes, isoheptenes, and cycloheptenes can be listed.
Here, the olefin dimerization is 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 IN NdM- the
mutual reaction between the different raw material olefin is included.).
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concentration of isobutylene can be used. Those fraction containing high concentration
of isobutylene 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 solvent 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 Cs4 fraction also works as the solvent. As the

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

which contains olefin and solvent is to be 1-70mass %, preferably 10-65mass %, and
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brought into contact with the solid 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, iso-paraffin, naphthenes, and aromatics can be applied.

After the solid phosphoric acid catalyst is brought into contact with the non-olefin
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(decrease of the anpunt of water contained in the catalyst), water is
i npor t arfirying (decrease of the amount of water contained in the catalyst), water 1s'important to

make to coexist with the olefin containing raw material and the non-olefin 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 olefin 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

e
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in the the 2.00g of catalyst is thoroughly washed and dried, is 0.71g and the carrier amount in

the catalyst is determined to be 35.5mass %. Accordingly, the prdportion of P20s in the
catalyst is made to be 19.5mass %, and the proportion of the weight loss on heating to
P205 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 5mass%, n-hexane 65mass%,
water 250 mass ppm) is fed at 21.3g/lh (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 80C. The reaction results are shown in Table 1.

[EXAMPLE 2]

2g of the solid phosphoric acid catalyst A 1is 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




catalyst is nmade to be 19.5nmass % and the proportion.of the weight |oss on
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phosphoric acid catalyst Ais packed to the tube type stainless steel

reactor (inner dianeter 8mm) and fromthe upper part of the reactor, the
olefin containing raw material (isobutylene 30mass% n-butene 5mass%

n- hexane 65mass% water 250 mass ppn) is fed at 21.3g/h (WHSV=30h-1), and a
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cat al yst ar i schar ge nd as a result of analysis as same in EXAWPLE 1,
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upper par tBpfising the solid phosphoric 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, 100°C). 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 (isobutylene 30mass%, n-butene 5mass%, n-hexane 65mass%, water
250mass%), and after 24hours (one day) the temperature of the catalyst layer is
changed to 80°C and subsequently the dimerization reaction is conducted for 29days
continuously. The reaction results are shown‘ in Table 1.

[EXAMPLE 4]

The catalyst preparation is conducted as same in EXAMPLE 1. However, the catalyst
drying is conducted in the room of temperature 25°C 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 P20s5 is determined to be

51.0 mass%. The weight loss on heating (water) is 15.2mass%, the carrier in the catalyst
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reaction_js _conducted for days.. continuous]y. T eaction results are
shown i nPA%B cgml&.‘c“{ %%%%er%cgogﬁ%ﬂl{)}s eﬁ*’%%%}‘na %, Fhj";"i s conducted as same
i n EXAVMP[EXAMPHBWver, the catalyst drying is conducted in the room of

t enper at ur, - . 1. di 9 i lLysi S sane in
ExAPLE 1 patrr ikt okl Yo ERLERAMP £ QR RYBlBE P70 | e
rati o of contdiging Fraw smeteriabatommgsition PRORads detienbuiyient t8mase?s, Jubw@emmss% The
wei ght | Ny, he gt d b)) % 1 carril LD lyst 10
i v e R

conduct e&0¥Pas apd thetemparaire of calalegitlayey is gnadeaassyibiCd Therrsagiayesultci d

cat al yst 5feshdbg ik egathon results are shown in Table 1. [ EXAMPLE 5] The

di meri zati ﬁp rﬁgcgi on is conducted as sane in EXAMPLE 2 except that the
olefin %) raw materi al conposition is made as isobutyl ene 8mass%

n- but ene ThémassrifAtionrbskianes @hiR&sYas Wahein ERAMPIE Ppttepaihdt tHhmlgnessure i s
made as 2.0MPa, and the te ers$ture of ,cat al yst i de asf 1459C. The

| a IS
react | onCFLSRIREST% FRAETE, FOPRF=IOR| 1 TadF (BEAIPRRIE TRt B
r eact i on20msass Gadeyciopantase aumss4) rEpeAlvRhd 50maxte prattihasOrmdsepmhebnd the

COnt ol 1 . T 8o APSPIRAU O TG 55l BAPELENSn 8, TESROE
250mass pjbhe reactdort tesultpareshbowe in Tablede as 2. OWPa, and the tenperature of
cat al yst [ﬁfﬁﬁLE made as 1450.. The reaction results are shown in Table 1.
[ EXAMPLE 7] The dinerization reaction is conducted as same in EXAVMPLE 2
except t hdiherdhpedradionreactionissoninged ansarme &y ERAMESApbiceriothat therlefin as
i sobut y| g@aidfhg"BSS YatBrillUt&MSbsition is made as isobutylene 20 mass%, n-butene
3mass %, isopentene 7Tmass%, 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 is 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 is 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 is 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 is made to isobutylene 30mass%, n-butene 5mass %, n-hexane
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3mass % isopentene 7mass% n-pentene 10mass% n-hexane 60nmass% water
250mass ppm and pressure is made as 1.5MPa and the tenperature of catalyst
| ayer is nade as 120C. The reaction results are shown in Table 1.

[ COWPARATI VE EXAMPLE 1] The catal yst preparation is conducted as sane in
EXAMPLE 4, and the solid phosphoric acid catalyst Dis obtained as the
ratio of the weight loss on heating to P26 is nmade to be 31.5mass% The
wei ght | oss on heating (amount of water) at this time is 10.lmass % the
carrier .gkn.th I i 7. % nd P2 S 32, sg % The

di meri zg%-) Ilng%sﬁéﬂg‘{%%riaio%@%asgBﬁﬁugg%%%f%ont ecsaulgf’aa% S\%\’ﬁyné%%%@eszPLE 2 except
that the solid phosphoric acid catalyst Dis used. The reaction results are

shown i np.plabl &2y SNPARAH WEnd) The dimerization reaction is conducted as

sane i nEXAMPEE—2-exeept—that—the—otetHn—eontaipi-ngrawraterial

(i sobutyl ene30mass% n-but ene 5pass—%—n ..annf%\?'@? 7% f-contalnir

essenti j i 1 | rdsullt s4arb dhoun Bn Table b,

[ COVPAI atvlismelghtéo,s_m mer i zat i onggBatikbey [ 83 rdg%ejzgéss%g n 2]|§5<_,gl\/PLE 2
treheatingPAefmass%ont ai nj ng raw matiert al |i s nade t'o |i Sobufyl ene |

except

30mass % watelk UhnBhe: iR PRSS cHatalii ane |11 65mass%| water 1,5Q00mass|ppm ([The
react i Ofyakkemhlletisl (@h& saoWn i n TabiP8 2. 2501gh|2801: éafa Y40 anc?@ieact%’%n

Resul t 4:‘?_4"5. 67 T Catatyst—werght [Hoss 3087230872302 51. 0
230.8 230.8 230.8 ¢ Og‘é‘égf‘hg/ P2061 (mass%)| Vés erl agount 38n (ol €f i JE ®ent @i ni ng
250 250 250 250,250 _fg o280 1 mat erial j(nmass [ppm)  Conver|sion 61 63 88 81

38 41 59 of qIief] niBikkheitionS hoyrs!|Digerli zation 92 B2 7585 04192 93 X 1
sel ectiVity 9%|-y - seleetivity % - - b’i ---g-ge- % - 8% : 9Z 92 ?93
D ner yjeld %5>é 58 66 69363855

Dimer yield % 56 58 66 69 36 38 55
Reaction
result Conversion
of olefin. % 84 84 87 83 51 53 78
Dimerization
30 days erizatl 82 83 83 84 92 90 86

%1 selectivity %

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%) 315 230.8 230.8
Water amount in olefin containing 250 0 1500
raw material (mass ppm)
Conversion
of olefin % 54 64 40
Dimerization
5hours e o 82 93 94
%1 selectivity%
Dimer yield % 44 60 38
Reaction .
result Conversion
of olefin % 42 %8 15
Dimerization
30 days N 69 81 90
%1 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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Reaction result Conversion 84 84 87 83 51 53 78 of olefin %After --
------------------------ ---- D2 83 83 84 92 90 86 selectivity %
------------------------------------------------- - Dimer yield %9 70 72
70 47 47 67 X-1) Initiation tine of feeding of olefin containing raw
material is made to be starting point. Table 2: Catal yst and Reaction Result
COVWPARATI VE EXAMPLES 1 2 3 Catalyst weight loss 31.5 230.8 230.8 on
heat i ng/ P205 (mass% V\ater anount in ol efin containing 250 0 1500 raw

( An 54 64 40 of olefin %After 5hours
D neriza 2 A C 1 setectivity% Diner yield %44 60 38 Reaction
resul t Co’ﬂhescﬁldmhoephcmiceibldma%lﬂﬁ ab®rdibg tAfleresent invention ean-be naturally- - - -

""""" 1 90 X 1
sel ect i v IpPy%ﬂ B the 1naustf1af %}(p)p}]@atho? %" thS’( efl)n ﬁ%ﬁﬁg%fofl?ﬁ A ggg ?1?31‘903@%3

ol efin ctbelscehdmhwgphcarw et @talpst sceprdimg do the fyesent drventign Fﬁm et used for ﬂhNDUSTRl AL
APPLI CARL L [y el B0 @iy gz]n?tﬂf?é&?:lﬂ@ 461y 86kt GEUR) it RASASH NACH, Lieur esent

i nventi on can be natur app e application of the
“olefin diﬂkvéilﬁi%tqa@tﬁorr@fa’éﬁmw compgundredtherlike. t he solid phosphoric acid
catal yst according to the present invention can be used for the
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various reactions of using the acid catalyst such as the olefin hydration
reaction and the alkylation reaction of aromatic conpound and the |ike. 13
What: is clainmed is: 1. A method for dinmerizing an olefin conprising the
following 3 steps sequentially: step 1: bringing a hydrocarbon contai ning
10- 1000 mass ppm water and containing substantially no olefin into contact
wi th aVbalis daptrdsiphoric aci d catal yst, wherein the solid phosphoric acid
catal yst conprises a phosphoric acid, including a conpound form ng the
phosphoric acid by hydrolysis, supported on a carrier, wherein an water
cont ent AGhethdtfos _qim&iziﬂg;%{aﬂagﬁlcgmgﬁgiﬁg ﬂ%ﬁhbf&lng@it%ﬂ%@qﬁ'&tﬁﬂy\ﬁ' ght |oss
obt ai ned by heating at 250C for 20 mnutes is is 50 mass% or nore based on
a di phétgph%:r bsngiaat adyidsecafteRrosynteiaingy é6-1006 nmedse ppino sjakeor isl geitdiningst ep 2:

contralling.a pre re.and a tenperature tg the reactjon i.nit.iation.

condi oSty o g o Yanflet FARE St Srooth i e R it e Flidhe

di mer iphadphofic reRICEdt R sthsoni@tea @l pHbspitgichydd omeriaary Mcbmpdtn®lfghiing the
containing raw material containing 10-1000 nmass ppm water and bringing.the
ol ef i whesphoripacidriyahydrplysiscenppaded o &ivatries Wit gahwaisheententaithe sdidal yst .

2. Th hod f. i merizi he .ol ef i ding.. i inth
Cemper Pt s g et PERH e rrfo s PR Ol b et T Tt 2R op 2 1 6
hi ghers By masd906r bedbdsb& o a@mﬂo@ghor&sefmearo&tdér(pé@sf) d’éﬂ@e@iﬁ%ilﬂze Phd¥BRdrZAt | on

reactlo%'in a stationary state after the step 3. P'. i
acid.

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 10-1000 mass ppm water and bringing the olefin raw

material into contact with the solid phosphoric acid catalyst.
2. The method for dimerizing the olefin according to claim 1, wherein the temperature in the

reaction initiation condition according to the step 2 is higher by 5-50°C than the reaction

temperature of the olefin dimerization reaction in a stationary state after the step 3.
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