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*159159* DESCRI PTION SOLI D PHOSPHORI C ACI D CATALYST

AND METHODS OF DI-MERI ZI NG OLEFIN WTH THE SAMVE w 5
TMI‘WWH&D The present invention relates to a

S ic acid catalyst conprising phosphoric
acid supperted on a carrier, and a nethod for
selective dinerization of olefin using the sane. 10
BACKGROUND ART d i gongypSOoRIPTEON are used for
various purposes and, particularly, dinmers of

| ow-SWLHY lEHOS\FH@R‘ICQﬁL@HD CABADYSTRXNEYMETEHODS OF
n- but ene, isobutene, pentene, etc.) are inportant as

hi gh- oct aneDIMBRIZING O NBFENI WITH THE §aME ne
production, or inportant as chemical internediate raw
materials. 15 Aigonerization including olefin
dinmerization is carried out using acid catalysts, and
TEGHNICAIJFEELDave been made therefor. Conventi onal
exanpl es of the acid catal yst include sulfuric acid,
hydr'Oheprésamringtentioprokitbote a salidiphmbphoriewiwid catalyst
chloride, boron fluoride, anorphous or crystalline .
corapriginpphbsdplaire acill ayupported exnch emgeer; anidm mekhedifor selective
oxi de, and solid 20 acid such as an acid supported on
dimmerizaticaof bkfin asithgthiei samse.exani nati ons have been
made al so for the solid phosphoric acid catalyst which
provi de inexpensive and sinplified chem ca
manuf acturin rocesses. There are disclosed to
BA&NK@&WEUPHEASVEperne using a solid phosphoric acid
prepared in a cal cination condition of 100C or higher
( Pat @higon®rs of elefinuare ujedafodt viagianisi promeses engr pasticadarly,
using a catalyst prepared by crystallizing an
diraersy pHowsmelsqulae weiglgrdehindeigs rrepylened nzbweniecisohytene,
raw material in conditiaons of 250-450C and wat er
PeRtensy etconeempgLtant as highsgctane number base materials for

gasoline production, or important as chemlcal intermediate raw materials.
Oligomerization including olefin dimerization is carried out using acid
catalysts, and many studies have been made therefor. Conventional

examples of the acid catalyst include sulfuric acid, hydrogen fluoride,

phosphoric acid, aluminum chloride, boron fluoride, amorphous or

crystalline aluminosilicate, clay, ion-exchange resin, mixed oxide, and solid

acid such as an acid supported on solid carrier, and various examinations

have been made also for the solid phosphoric acid catalyst which provide

inexpensive and simplified chemical manufacturing procésses.
There are disclosed to oligomerize propylene using a solid phosphoric -
acid prepared in a calcination condition of 100°C or higher (Patent
Literature 1) and to oligomerize propylene using a catalyst prepared by
crystallizing an amorphous mixture of phosphoric acid and a siliceous raw

material in conditions of 250-450°C and water vapor concentration of 3-50
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nmol % (a catal yst consisting of silicon orthophosphate
and silicon pyrophosphate) (Patent Literature 2). It
is hitherto known that the condensation degree of
phosphoric acid in the solid phosphoric acid catalyst

oo italina PRerng S BREEPhES SR and SBcgr ™"
eyl PE keé@ay@etoiﬁeﬁé%%ﬁh Sf st ratio of & i rkie

O B o G P o s
o B SR TN e e
rea%%{o%xl (yfsélefl &gd%HBILé al(sylx?ﬁ%g(ﬁgge ] é)xnan(%ples oé oh§86begﬁaébon of

hosp oric acid or craci

oleglﬁrlgal%t;’é ?%agalt;ﬁ er a%lg'a{’]c%t% a}%ﬁ ﬁbwﬂlgﬂst@l%orhggs BLQ8 s a
freb'ﬁlﬁ{sﬁhHﬁ@ akld cé‘fﬂﬁ@ﬁ@ﬁtbwﬂ%h %@Mté({]g'h%ln' &%r@%ﬁfdzgllﬁés‘ﬂhoric

ol ef i n usi ng t ove- ment i oned convention

ac1ﬂf't‘&$9fy‘éf i€ dRfed 1913&@{&5(5%& c%nﬂ@hsé'ﬂibf‘ oy - Jcénﬂ@ﬁ&ﬂpﬁgosphoric

for dimerization of olefin, but al so the use

acidueBNdd SitBbp ﬁ@éﬁ%nd@@@&ﬁﬂqy H@é]ﬂidi‘?ct é’élﬁ?‘:@the catalyst is
unavoi dably 1 nvol ves by-pro |on of hi gh

smBAdl (YHE birggskt st BoghopRkicucidnd tht pm?hbﬁé acid
difficult to selectively provide diners of olefin. In

suPpded phaboet 46 intblaaeMest Hiokettnh&Bf FHERHIruBGitom amount)
operation, though 20 affected by operating condition

(Patgab Laerapetead hnd NomPaeént Eftees@irdrg, condensation

of the supported orthophosphoric acid in drying

pr ocHes ever,afs only ohpoligepdrizkvien dfdlefin AROEs the

supported, the condensation easily proceeds in the
absarmemiivmed. coAvedtisnal peosghatrar acigaatalystsaisinot malrdw

ort hophosphoric acid concentration in the total
intphdep far dicnewzatiémof blefiat, bsit the dreoused tfe ¢dmveRbional solid

condensation. As described in Patent Literature 3,
phedpdwricadil ghtalystndeamesdably involves by-production of high
polymerized products of olefin, and it was thus difficult to selectively provide
dimers of olefin.

In a phosphoric acid aqueous solution supporting operation, though
affected by operating condition such as operating time or temperature,
condensation of the supported orthophosphoric acid in drying process is easy
to proceed. Even after once supported, the condensation easily proceeds in
the same manner. As described later, particularly, a low orthophosphoric
acid concentration in the total phosphoric acid facilitates the proceed of the
condensation. As described in Patent Literature 3, also, a highly-condensed

phosphoric acid which is once condensed is dissolved only very slowly to

water (Patent Literature 3, the latter part of Paragraph 0036). Namely, the
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phosphoric acid which is once condensed is dissol ved
only very slowy to water (Patent Literature 3, the
| atter part of Paragraph 0036). Nanely, the 2 progress
of hydrolysis of the highly-condensed phosphoric acid
is virtually slow. In other words, in the
conventi onal phosphoric acid agueous sol ution
prozapeost hydrobpsis of tionhighie-condeassbphosplioricadidasvantblly
easy to proceed due 5 to the |ow orthophosphoric acid
sloaoncentration in the total phosphoric acid or the
i ke, and the supported anount of highly-condensed
phoshhothiet vamidd, intisd cdreventinnad phdspHhee atrl fqudoustdodution
above-nenti oned case (the proportion of
suppdrioghasrhtionc tlec cchdemshhienph espbapnienthceasystopmarctedl due
bei ng about 46 nol% at nost in ternms of phosphorus
to dtedlomaomihnphospheriaatidalonpemyratibpnan the td€al phosphoric acid or
ort hophosphoric acid is predicted to be far | ess than
the hke,nand therswpporded s murtthddrighlyccoralensed albmsphdfic acid
nol %9 because the condensati on progresses even if the
must bedpbresshdr | Thavéfdre, 9n ghedbozd-méntiosed oaseetiby piroportion
the highly-condensed phosphoric acid which is once
of exshoplhesnhogivdacid ppdhe @hosphonigacidr supnprpedbeikg alkput 46
return to orthophosphoric acid even if it is _
mol hertaapstan tesnsyefirigspbarey atamaaeund)t the aetuel peepastion of
gaseous water in a reaction system_  Further, in the
ortBapheyrharioaeiddp peedintad to befar leshthaw te masimam orlue as a
ort hophosphori c acid can proceed dependi ng on the )
theogaiae vakec@bgnt d6maliehbecause fhe sppAepsatiginproaressasgven if

concentration in the total phosphoric acid is high, -
thea%rtﬁephowow %f‘gdu%wrm%@ceﬁat dhts not easytiordhe: Japanese

gy GPALEH oD ORRD ARSI BATBRR TERATH OISR A FeppaREed in
thq@x_‘sy%ggé)fg%ég gte-f%{l}renrf%t (l)'lrrtﬁogl:los‘]p%%{]ceg’ceid Fé%tereiq itLi%itﬂer%Ja?Per
hydrolyzed by contact with liquefied or gaéeous water in a reaction system.
Further, in the supported orthophosphoric acid, the condensation of
orthophosphoric acid can proceed depending on the reaction condition éven if
the orthophosphoric acid conéentration in the total phosphoric acid is high,
as well as being low.

Patent Literature 1: Japanese Patent Examined Publication No.
8-29251

Patent Literature 2: Japanese Patent Examined Publication No.
7-59301 | |

Patént Literature 3: Japanese Patent Laid Open No. 2001-199907

Non-Patent Literature 1: “Applied Catalysis A: General”, 1993, 97, p.

177-196
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General ", 1993, 97, p. 177-196 3 DI SCLOSURE OF THE

I NVENTI ON The present invention provides solid
phosphoric acid catal yst which shows high activity
and dinmer selectivity in olefin dinerization reaction,

DISRY.0L0 RS pgcrlgm%e IWﬁN@I@&r od| merization of olefin. 5

ccording rst as f the present |nvent|on

the 'fﬁkz Ip‘i{eseq{lqglghr%loﬁ L}% ' dd gsastoﬁ %os%ﬁnpc At ﬁatﬁl%st which

phosp I'C aci |nc hose R canc¢

shmgﬁ e%}? Bl:ﬁvﬁg atqlcpalrné(rdéqué/t%ﬁy %nge?irpa{rﬁglzglﬁg? %gg@tl(ﬁ? and

on car

an%ﬁ‘ﬁélgﬂgg?e‘m?/;f&}r ﬁﬁhgrl'zgub{}%fo% .pho“ ¢ acid supported

or nore 1n terns of phosphorus 10 atom

amoUuREcq r@ﬁ‘fgg{djbrf‘ﬂrsﬁ gsae&%gqgg gﬁé’eer&tm%nhgﬁ f:}{bV?JlH]O”’

the so osphoric " aci yst ‘accordihg to

phéi}ﬁéﬂl@&&ﬁ%&%ﬁﬁ?%ﬁ?ﬁgs g)\f] %1'15}9& leda%nﬂnﬁﬁp PLde which

aqueous s I nt tact wth the carrier

cadl ChAR¥EEh PYosHoMOHeidIEh PARIGIAL h &R RARELHSe B5hBGs above)
carried out at a tenperature Tower 15 than 100C

supci@doNGalrPied thlei Jrdpashes bl @fthtobﬁog;m&né Lo int fhe
nmethod for dinerization of olefin conprises bringing

ph&dpHdrit £68tippoledr vin BFEemoBk orithére GOHracd ofpidsphdeus
solid phosphoric acid catal yst according to the first

atodfi ans®oand aspect. 20 According to a fourth aspect of
the invention, in the method according to the third
aspedtcortiirer ol efsecormabaspectiofighe awdrrial,ithe sotidt@idsphoric
water in an anount of 10 to 1000 mass ppm Accordi ng

acitieasalfyist hbcardpegto die finet dapeenis prepairad biyeb rimgingch
according to the third or fourth aspect, the

phadpdforic @odtaajuebng sohwiarairgpicahta vbithughtcarrier followed by

drying, the preparation process being carried out at a temperature lower

than 100°C.

According to a third aspect of the invention, the method for
dimerization of olefin comprises bringing olefin-containing raw material into
contact with the solid phosphoric acid catalyst according to the first or
second aspect.

According to a fourth aspect of the invention, in the method according
to the third aspect, the olefin-containing raw material contains water in an
amount of 10 to 1000 mass ppm.

According to a fifth aspect of the invention, in the method according
to the third or fourth aspect, the olefin-containing raw material is brought
into contact with the solid phosphoric acid catalyst in liquid phase.

According to a sixth aspect of the invention, in the method according

to any one of the third to fifth aspects, the olefin is C3-C7 monoolefin.
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25 into contact with the solid phosphoric acid
catalyst in liquid phase. According to a sixth aspect
of the invention, in the nethod according to any one
of the third to fifth aspects, the olefin is C3-C7
nonool efin. 4 EFFECT OF THE | NVENTI ON The solid
phosphoric acid catalyst of the present invention is
particularly suitable for olefin dinerization
reactions, and enables efficient 5 production of

EFORGT O T THE INVECRTION t has high activity and di mer
selectivity 1in the reactions and an extended

cat aI'ié k6lid iphespBRSd aMdkatERRt GARRY pNEeaYInTéition is
" I NVENTI ON The present invention will be described

paftiddl AgK suitaddé o1l olefi digndrivéatioll FdaRtioak, 4h¢ efabled efficient
phosphoric acid catal yst used in the present

prodiie€idhi cfvlefin imars becaudei i€ hagdrigh wetioitly fibdinher selectivity
acids can be wused without limtation, preferably,
in thectasdtiogs moldded eptaadledt atalytii lifeceous  supports such
as diatomte, infusorial earth, ciliate earth, :
ki esel guhr, kaolin, fuller's earth, and artificial
porous silica and m xtures thereof. In the 15 nol di ng
BESIONE3B EoFORNE ARRYING, OUdl THEAINVENEHONe per f or med
in.any tenperature condition for the purpose of
gi viHge puédentiipmentson evitjithe, dereribeddaptivrtiy, dedad.
speci fic surface area. The nol ding nmethod and the
shaps tlie cantiereef threowhlist plaosphostc grad catalystr wsed imtheed

and, for exanple, various nolded products of
pregenhinantiosh ety ¢arkierovhishldast suripost phasploriaacide can be
formed, for 20 exanple, by neans.of tableting,
uses withoug ALY RHORg prgfgr%@ly,dnwlmgng mq)hdpdgaroducts of siliceous

pel l etizatiaon, or: oil eIIetlzatlon Wth a grain size

Surtfé%r‘rffgs‘éﬂb% diptemige gnfroriabsag Hat Siserprsckroipd Kot
ol RSENRh SudShdaing bude, o ghophosphorc. aci d pndy
ook RIoaee Qieda ieh EafinaHaRga e ﬁ@@%ﬁ%ﬁ'ﬂ 18 299 d by
e%%r%ﬁ%(? F%‘ncgiliog}pfgg ?E? %hisgo%cclﬁ? %emegcé'ﬁf?lmerzt stren%th pore
capacity, and specific surface area. The molding method and the shape of
molded product are not particularly limited and, for example, various molded‘
products of grénular, sheet-like or pellet-like shapes can be formed, for
example, by means of tableting, extrusion molding, spray drying, rolling
pelletization, or oil pelletization, with a gra.in siée being about 0.5 to 5 mm.

Concrete examples of the phosphoric acid include orthophosphoric
acid and condensates thereof (pyrophosphoric acid, polyphosphorlc acid, etc.).
In the supportlng operatlon those wich can change to phosphorlc acid by
hydrolysis (phosphoric acid precursors), e.g., phosphoric acid esters of C1 to
C8 alcohols can be also used. Mixtures thereof are also usable.

The ratio of phosphoric acid to the carrier in the catalyst (the
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C8 al cohols can be al so used. M xtures thereof are

al so usable. The ratio of phosphoric acid to the
carrier in the catalyst (the 5 phosphoric acid being
cal cul ated as orthophosphoric acid, or phosphoric
acids other than orthophosphoric acid being converted

phiSHidfs i %fa?wfé%%wﬁ%@gqrﬁﬂm BB e%’?@dzzodosﬁo‘ﬁ%r/w acids
t 0

oth N3 2‘%2 S hoptB S e B E ekt pd Phd Sl Bo ot

I B s TR

refte es ; asgtbq{dsg)hgﬁ' dacg(i)sﬁgff 1t fﬁ’ﬁ&u )%s gng%o rﬁgus%,ng

orrosion o VI CesS.
préfg

s t%ﬁgeﬁ)e%t 13K RRLON Ag&%&f&%ﬁgﬁ)hog g)(mt gauses low activity

hosphori c aci d t con

i RO, L8 A AE B RO e
eluthiiof f Mdb?)%r(ﬁ*ic%l@fto tHé ‘i@é’c&ﬁﬁ?%%io‘h @&hgngrhﬁ(ﬂ%lrable

phosphoric acid is mol % or nore, preferabl

cor¥Bsi¥n Vf eﬁﬂi;ﬁneﬁ’@ﬁﬁdﬂ:{eﬁzﬁ&rsab' y 80 nol % or mor e in ter s
of phosphorus atom anount, excellent activity and

di meIm 66d prddevit ﬁﬂvé‘aﬁﬁbxbech@r&%bgﬁ%ﬁ of bﬁ%ophésﬂh&ﬁ& ﬁc1d to
di meri zation reaction. Al though the progress of

otheerdansasédpolgphesphenbasiRaridtiaciide i th@w&)@ﬁﬁbmc acid
sl owed when the proportion of orthophosphoric acid in

suppertedpbathb@airEiendd npsrtaat. WDN%ﬁly,nWh@nltﬁegﬁbﬁBrt@(fn of
phosphorus atom anount, the condensation o

orthbbhowiﬁﬁph@mtionable%lﬁi&p%rmmndj1336©glﬁ(ﬂ3/(_$or Gf8] pepferably

sudden 20 deterioration of the activity in olefin
70 dioted 02z atdrenmoeapréfenablyes0 irvd% qr @poe in oerms of phbseiorus

than 60 nol % For maintaining high activity and dimer
atoge laeodunti Eycdﬂrerxtla@tivmtydzhm dimar iselectiedytdamnbé provadedmg the

period, it is inportant to bring olefin into contact
Oleﬁwndlmd‘refzaimmreya&ithnn a state where the proportion of

ort hophosphoric acid in the phosphoric acid in the

cat Spugh tBe progress of the condensation of orthophosphoric acid is
extremely slowed when the proportion of orthophosphoric acid in the
phosphoric acid is 60 mol% or more in terms of phosphorus atom amount, the
condensation of orthophosphoric acid shows rapid progress, causing sudden
deterioration of the activity in olefin dimerization reaction when the
proportion is smaller than 60 mol%. For maintaining high activity and
dimer selectivity in olefin dimerization reaction for a long period, it is
important to bring olefin into contact with the catalyst in a state where the
proportion of orthophosphoric acid in the phosphoric acid in the catalyst is 60
mol% or more.

The means for measuring the proportion of orthophosphoric acid in

the phosphoric acid in the catalyst is not particularly limited, but solid
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25 mol % or nore. The neans for neasuring the

proportion of orthophosphoric acid in the phosphoric
acid in the catalyst is not particularly limted, but
solid 6 nuclear magnetic resonance spectroscopy of
phosphorus nucl eus (31P) is nost suitable nethod
therefor. The chem cal shift values of phosphorus

nubléak @hagietiPRRSAANEL § &Qtd&oﬁ% 8f phbdpiftul udcdleuNBaMEs most

magnetic field accord?ng to the condensati on degree,

suidfbleiethddéhesBidrt ThleUd edlicQ SHIBPNABRE OF bRodshdtusuclei of
set 5 as O ppm the shift value of pyrophosphoric acid

phasshdi®d ¥alHoapbehifeedtd thehizhephggvatc fikldheiskdinkltoShe
ppm and at about -24.3 ppm respectively. These °

corsd e@izativnategr@ vnd gibhenhathedhift vatue bbbt ophesphi®@dc acid is set
rati os, whereby the phosphoric acid condensation

as Oqgastid shiftcedlueaf @yaopissbhoblerddid andepogpbosphiriy adid are
in the preparation (pretreatnment) stage, 10 it is

obgereed atapotiv-aV@ ol anhbaeit ©24.Bhpmataipestivelyl hThese
nmoi sture. When the catalyst contacts with noisture

signiatd arp wheeseparatedentdedermmet the anenhapaioa! iwbiereby the
(pretreatnent) stage, the condensed phosphoric acid in

| phosphorimaatyondessataon cahpysitipar cinyie dxaminehanged t o

orthophosphoric acid. Therefore, accurate neasurenent _
cannBurbe fher enseemdilt disin tie srapaocatipndprediréatinent) stage,
is preferable to dip the carrier in a phosphoric
it 1aqesessary b avoshtliotdrdactobthedratalygt voth meoisbirg. a When the
paste obtained by mxing a siliceous carrier with the
catghestpaotads aothkl eejsbyes wang the measurement obyn ¢hei ng.
The former nethod is particularly preferred since the
prefegepapr(peetzeatanent) stage dhp copdensedsphpsnhetticgeid in the
redi ppi ng the catal yst when the phosphoric _acid .
catghysiie PaGpHy dy drelyzed andrhanged piaskherhasporic acid.
phgsphoric acid in the  catalyst to,the reaction
ThEgstote GEouAte TaeafuremertcABAor Baderimeds t he | at t er

g} g&g tb{e ggaggrr{egggngle%hg& 1rtnié ngfeggbdlettg ediS %ﬁg CEPI?}B? ir? 21
phosphoric aqueous solution followed by drying, or to mold a paste obtéined
by mixing a siliceoué carrier with the phosphoric acid aqueous solution
.followed by drying.

The former method is particularly preferred since the phosphoric
acid can be properly supplied by redipping the catalyst when the phosphoric
acid amount supprted ‘is reduced by elution of the phosphoric acid in the
catalyst to the reaction solution during dimerization reaction. In the latter
method, the same molding method and the same shapé of molded product as
in the molding of the carrier can be adapted.

For the preparation of the catalyst, the supporting method by dipping
the carrier in the phosphoric acid aqueous solution followed by drying will be

concretely described. The equipment used for the preparation of the
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in the nolding of the carrier can be adapted. 25 For
the preparation of the catal yst, the supporting nethod
by dipping the carrier in the phosphoric acid aqueous
solution followed by drying will be concretely

descri bed. The equi pnent used for the preparation of

cataﬂvﬁéﬁa?l%%% ficvtai” BiniBEL ncbr Fen il fy trnBEbpber wred.

BYE?% ”iﬁrty%errs?%%f S G Ebne%h%% %3%%%’%&%0%' hﬁlﬁﬁg of
T

the ééﬁ% e BT0an 80 sERuLDRPuER G hEcalfa gt ge%raéwn

B RN i R o S
notgﬁofr%{hqﬂglgéqﬂnﬂ%dl BLE rglgggxhaqp %epch%rabo gllod to SO RRLL, n'{‘he

rensurrng®a pho oric acl suppor fam)u
f o !
o BT 0 TR B TSI Gy i

sué?%r@gﬂﬂhnﬁﬁ to 45 mass% al though it varies dependlng
properties of the carrier such as surface area.

The R PANG4E BB IEAPHBEIC ASDCLBHOM a%ﬁbuﬁ%w?%as%w%f

or nore. The dipping tenperature 1s set ower

exa]rQQ@' tRE 86REARL 11O oM ke PhBESHotH AR A aed s solution is
hi gh-tenperature condition of 100C or higher is not

gerraf]19rdeedo abBGE 3516 451 @RE% QRh@ﬁgHEit ohtike ﬂ@ﬁéﬂ@ﬂfg‘ én
acid in the phosphoric acid may be | ow Furt si nce

progﬁrtlgé( 668 VirYerd QWH aTBEFfatel ke AUBRS dsslingitimeahhdib
isabling the dipping, the tenperature is preferably

gerfeghlly GeO€o abotit Yhwyur dromerdr €fe dbdpingttembeatiire is set to
hi gher. After renoving the surplus phosphoric acid

lowaathausl GO CypireferAylyato 126t gigher shamBOPOd gugighatemperature

filtering after dipping, renoval of surplus noisture
conclatiohef 4pPP O prikagkéy 1pests preferxtedsineaatise pfopeyeaparoft i on

drying, or by standing in the atnosphere or by using
orthoglassfhoow. acdd ihhbegdmsphericfaeid may be low. Further, since an
excessively low temperature causes solidification, disabling the dipping, the
temperature 1s preferably set to 0°C or higher, more preferably, to 15°C or
higher.

After removing the surplus phosphoric acid aqueous solution by a
general method such as filtering after dipping, removal of surplus moisture
can be appropriately performed by means of evaporation drying, or by
standing in the atmosphere or by using a gas flow. As the gas used for
drying, any gas which becomes gaseous state in the drying condition can be
used without particular limitation, and air, nitrogen gas, hydrogen gas, and
C1 to C5 saturated hydrocarbon gases are suitable. The gas may contain a

saturated amount or less of water vapor. For example, the drying can be

performed at room temperature using air containing 2.5 vol.% or less of
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dryi ng, any gas which becones gaseous state in the
drying condition can be used w thout particular
limtation, and air, nitrogen gas, hydrogen gas, and
25 Cl1 to C5 saturated hydrocarbon gases are suitable.
The gas may contain a saturated anount or |ess of

wat er vapor. For exanple, the drying can be perforned

wa@ér \Feﬁflﬁﬂ t SRR SIS €eﬂd§éﬂa&u@é is §&NoAbReR¥hAn 1 000C; p’?é!érably,
| ess 'of 8 watef vapor. The drying tenperature is set

to ﬁ@t lh@r@{» th8am0200CA R @éxﬁfiélt&tﬁre of 2004t oPhgiedy, tian
At a tenperature of 100C or higher, the

corﬁi@ﬁ@ﬁﬁ%ﬁtdf Pho8Hh & RIS 1o pdlytkauet aﬁés@lﬂﬁng a4 ¥€@uction in
resulting in reduction in the proportion o

th@pidfy@ﬁﬁ@ﬁ@h@mfopmsghbﬂctabﬁi ﬁhﬂ@?ﬂéé;ﬂm&iﬁ £bidSe, et 5
preferable. Since an excessively | ow tenperature

prefeiatileor 8irks drhexcbisyively 1% témberutyre deceridndtegthe drying
tenperature is set preferably to OC or higher, nore

effieieafcsy €d gryting S€mperdivgods seflpeefdrabilpgot0°CroraiightAanore
flow velocity of the gas are appropriately adjusted

preferdbinto 5PE oprighet. i (Pheofrdngitinbasphtdie towmsietbcity oftthe gas
phosphoric acid becomes wi thin the above-nentioned

are apm@priaelyexdyopted] sd thatt thesproporties sf bhtdophospiodrie heid in
terns of phosphorus atom anount, while confirmng the

thepphoppdwsicdcid becamas enithini the afovehasptioned rangel foy example,
drying. The highly-condensed phosphoric acid catal yst

it isvnioh lesvidnanetD vohteimsterinsmof iosphosphatdne aswiwhts swhibe
used by returning it to a |l owcondensed state (wth a

coqcfrmpmgt therprogresstdfapeeopdensation pfipbbsEorinadisddry dnneg.

redi pping 15 treatnent. As the olefin of the -
Th@?ﬁeghla eomsiensed n@osmmam catalyss with advanestbedngdensgtion

are usapl e, ~and stra t-chain, branched and cycli
of RirsPhexis 96% caR &g ee‘grekurﬁlrb?o%m?ah%ﬁoweﬁﬁgtq @ith

an infend duc Concr e npl es t her eof
aPFﬁB‘PrGH’él Y 5? )Y OEiCAad © %%059?%@1“ “&‘?I’JEY gedinpang 2o

Lxgns 2- but ene, |sobutyl ene), normal pentenes,
treptWEBht enes, cycl opentenes, normal hexenes,

: :8 &exene mcgfc tlh%hcf}lxtenqec%ntanl(%lrlxrlnga lrayver% geng’l C3to C7

monoolefins are usable, and straight-chain, branched and cychc ones can be
used alone or in combination according to an 1ntended product Concrete
examples thereof include propylene, butenes (1-butene, cis-2-butene,
trans-2-butene, isobutylene), normal pentenes, isopentenes, cyclopentenes,
normal hexenes, iso-hexenes, cyclohexenes, normal hepteneé, 1so-heptenes,
cycloheptenes and the like. The dimerization of olefin means that 1 mole of
olefin is produced by reaction of 2 moles of a raw material olefin (including,
in the case of an olefin-mixed raw material, reactions between differént raw
material olefins).

In the present inVention, as the féw material olefin, for example,

butenes are suitably used.
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cycl oheptenes and the Iike. The dinerization of olefin

nmeans that 1 nole of olefin is produced by reaction

of 2 noles of a raw material olefin (including, in

the case of an olefin-mxed raw naterial, reactions

betmeen different raw 25 material olefins). In the
the r terJaI ol ef.i n,

pres i nyenti o éﬁr
e anpone i eOling dimgrs ShPytasacisonetRRE g URR as a
highg 'atg'&lﬂﬁal)ﬁhh%%% g8 Si‘e&%sg B¢ girogubign nglieh-surify
NI R SR L P o
Q?uct such q octy henol and |s nonanoi ¢ aC|q. 5
pr#&? %3“%983&@9’ R ﬁWHEF§’$F enes, one kind

b d,-al
O ol AR R® ot RE A0S by edw.snon%kmﬂiﬂ%?gu%%&@n be
| t i
usdPaBrROple ahfirul 2%@3@%?'8%% kit BPbREERA e rficed in

t
optriﬁxgé‘lr ath 1%%(9&5;?61%35 e og‘&; oo Bf" Ebutélds i % gkferably

ting dlnerlze e range o

adﬁﬁ;ﬁ:é(isgé’éd?alﬁléjt& lﬁcecﬂﬁﬁrcstﬁﬁjdf e%%(? Eh§fdc@ sﬁE{:gf ctane

ol efins, for exanple, propylene and stralg

nuﬁ{k@?c&%q AMHe (f)!é"lhl'tﬁl%)@l'?ﬁ@ﬁ?éi pRSHERESIn l@ﬁ@trﬁﬂgé OPQQtlsfymg

l1ké can be included therein. The supplyrlng

theS feBtdd cﬁmc%ﬁi’c‘l& %H‘I’éraél@flﬂg ﬂ'o@‘@xﬁﬁhﬁ@' Blogyle®hnd
particulariy limted, and exanples thereof” include an

strgigafttdhaﬁﬁ a6d R ed 2 SRS tEBn EChREABE SfoptaReShRHItRe like
fracti on obtai ned by renovi ng di ene components from

cad bachéladsdphesdiged i n a naphtha cracker by extraction
or selective hydrogenation, a coker off-gas fraction,

a dehiesapgphahy ebureasttthemlefif @dHedindig k@ thhkeialaBthot
m xtures obtained by mxing themin optional ratios.

partiederlydymitedf and keangdps shi@@obindlads aasilefin drdktion
decreasing the content of a 20 specified fraction
pradsicad ik Ao pretdsedan widfadratitioni ddtaineahby Fomoekanlene
components from fractions produced in a naphtha cracker by extraction or
selective hydrogenation, a coker off-gas fraction, a dehydrogenation reaction
product or the like, and mixtures obtained by mixing them in optional ratios.
These may be further adjusted by increasing and decreasing the content of a
specified fraction using known method such as distillation. For example,
isobutylen-isobutane fraction containing high concentration of isobutylene
which can be obtained by removing normal butenes and normal butane by
distillation (or reactive distillation) of FCC-C4fraction or a raffinate fraction
obtained by extracting butadiene from C4 fraction produced in naphtha
cracker can be used.

When these fractions are used for dimerization reactions of butenes,

they may contain a trace amount of impurity such as butadiene as long as it

10
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I sobut yl en-i sobutane fraction containing high

concentration of isobutylene which can be obtained by -

renovi ng normal butenes and nornmal butane by

distillation (or reactive distillation) of FCCC4

fraction or a raffinate fraction obtained by

extracting butadiene fromC4 fraction produced in
doe@agmttat@eozih@rrgg&%ng:an be used. Wen these fractions

are used for dinerization reactions of butenes, they

may EQNth pusbdse dE @eddRitl rédctiofedt] Mleﬂ!ﬁ&br&&ining raw

but adi ene as long as it 10 does not affect the
mat&dsl tatainingrsolVentpanins asad. rARP¥oRent eddth anligasd in the

ol efin-containing raw material containing solvent can
dinbérigistioh réuticipéotatitionttimthsulsthntitllg ihactivieto the solid

di nmeri zation reaction condition and substantially
phosploiricveathtyst bendel ugktdS Horsgxaatple, hadacysboresasudbeas

used. For exanple, hydrocarbons such as n-paraffins,
n-pavaffaisg ifopreraffimey maphtken anahdnoombtics canabeheseds ed.

Sat ur at ed hydrocarbons such as butanes in the
Satnahtedhydramridng sadt aobubdses inatdte mdfinhte e Cddnactidn also

anount of the solvent is set so that the ratio of
actaisethiersolventt hdheoambunbofithe sflventeissieb k6 hhabtitearatingf olefin

raw materials containing the 10 olefin and the sol vent
to the totabamountiof the plefinecarithining raw BHterslgondathingrtbe

gr eferably 15 to 60 nass% An excessively | arge anount
olefn antbthobelzent isgbter) anagsés nreterpbbule to Gbtpassihi 4rd more

an excessively small anpunt thereof deteriorates_the
prefeeably dfdei thmesstoci Mt gxcasaivehelarge saneunteldie sphvent,

is preferable to bring the 15 ol efin-containing raw
deteriogptes therprodughiviy Wmlﬁ rary excesiVely yralsraewat ghqrgof

catal a liquid phase. In a gas phase, coking may

' det@él%% etth@rll‘e(ﬂxaffem%’l%e t“H%“%thlw ty and di ner

hor FLHagRese Rt ?five%ﬁ%dbﬁm piefetabints Pese B and
oleFE G iR S B3ESi L e Men i dTRI A 3hE %Qh{i%%%tsbﬁonc acid
catalyst in a liquid phase. In a gas phase, coklng may cause deterioration of
the activity and dimer selectivity in olefin dimerization reactions and
shortening of the catalyst life.

The reactor and reaction style used for the dimerization reactions of

olefin are not particularly limited, batch, semi-batch or continuous flow type

‘reactions by vessel type reactors can be used, also, continuous flow type

reactions By fixed bed, fluidized bed, and moving bed flow reactors can be
adapted. The reaction temperatﬁre is set to 0 to 300°C, preferably to 20 to
200°C. A sufficient reaction rate cannot be ensured at a temperature lower
than 0°C, while side reactions are increased at a temperature higher than
300°C. The reaction pressure is preferably set to from an atmospheric

pressure to 20 MPa, because the reaction system cannot maintain the Liquid
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20 olefin are not particularly limted, batch,

sem -batch or continuous flow type reactions by
vessel type reactors can be used, al so, continuous
flow type reactions by fixed bed, fluidized bed, and
nmoving bed flow reactors can be adapted. The reaction

AR AR PR Bl e
AT S Gl ST
18 ge%QBtd ﬁ@o Bbﬁsrﬁru{ g)re?‘ergi)gf %??)ﬁ)ﬁ%q{r -1 0 'Hlom 8fuction

Su

at nospheri c re because et eattt on

effRYSH g 3%'3? %t}ﬁ“&' %{égpg% W‘lﬁ?l\/’ gHHthl,]reBptqg’r? d8ks %o% 8\é\§grress

pres et cOSt 1S T ncreased

B re. WHSV (nass of supplied feed stock
“”%%? %&?raﬁ carrier per hour) is set to 0.1 to 300 hr

1 f 1
e
orth8pRbHLIOLS AN lexBFed1SSTowad Whdh ehd BF rtlk]ﬁ\g%n Sation

described above, although the progress of co

ort@bphesgHRhesaNarthe FdsPhbsiccid S8 YnSLOYLhMSA thRGs of
proportion of orthophosphoric acid in the phosphoric

phéittbrus a8Omnmhduat, thel@nident£1ifB 0P brt HPRSEPREHE atidM the

amount, the condensation of ort hophosphoric acid in

cattalb&st];@ncg%*aahﬁﬂgz @bed! adtiathy ppsgessdf WMrhérikfMeon reaction
progress of dinerization reaction depending on the

depeadihpon thendiaction.cohditigi.eventing the progress of
condensation of orthophosphoric acid in the catalyst,
It 1 Boppefvensingetheoprogitesnol sindeasationiof briHbphldephoric acid
reaction system The nethod for supplying the
In the sttatst] 8 in@irefeanblectiol maky rhotiedcoekistandha reaction
predet ermi ned anount of water can be dissolved in the
systewf i Fleomieshod fig swplatgettieamobstuae s onpackeuilaelydndited,
supplied to the reactor. The noisture content in the
anglgfiedeteaymiaiediangonatofwaten @in be digolhedl®Othe mass
pm preferably 30 to 500 mass ppm and nore
olepnefomtaibling 3owt mag@0al by a mixing device and supplied to the reactor.
The moisture content in the olefin-containing raw material is 10 to 1000
mass ppm, preferably 30 to 500 mass ppm, and more preferably 50 to 300
mass ppm.

When the moisture content is smaller than the above-mentioned
range, the frequency of catalyst regeneration is increased since the
proportion of orthophosphoric acid in the phosphoric acid in the catalyst is
reduced to less than 60 mol% in a relatively short time, resulting in
deterioration of the productivity. On the other hand, when the moisture
content 1s larger, excessive moisture (particularly, water of an amount

exceeding the saturated moisture amount of the raw material solution)

makes the phosphoric acid in the catalyst elute, whereby the activity is

12
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mass ppm 20 Wien the noisture content is smaller than
t he above-nentioned range, the frequency of catal yst
regeneration is increased since the  proportion of

ort hophosphoric acid in the phosphoric acid in the
catalyst is reduced to less than 60 nol%in a
relatively short tine, resulting in deterioration of

unbBarMIQdeatEad.t YWHSR tHesoidpploreansd iMARE chhiy issledtbed

25 confent is |arger, excessive noisture

by eR&AdA B IR Way, Who8ph6¥ic AbiBERYBE subseRA1VEdHEE and
saturated noi sture anount of the raw nmater] al

| ad&fﬂattbi}ﬂéﬁbplf@i(ﬁﬁtHeh@a@ﬁ@ﬁm?@térﬁ (@sfalydtrbddye cat al yst
e

ute, whereby the activity is- 12 undesirably
reduced. \When the phosphoric acid in the catalyst is
reduced by elution in this way, phosphoric acid can
Exhmplelqcessi vel y added and adequately supplied to the
reacti on system (catal yst bed). 5 Exanple 1 12.0g of
ext r1&.0gnrf ertraeibrpredded peddubtaf diatoenitd (b.6mme22im) was
was dipped in 60 mM of 31-mass% phosphoric acid

- dipp@daald) sdlofiiBilonakstophblphotic deahlgueoy sadutidnppiand00-ml

for 1 hour, the aqueous solution was renoved through
beskearesftarl dippingfoaridhag, thy aggeopesdution was rgraoteat thedugh
inaroomwith a 10 tenperature of 25C and a humdity
a nméshbfibtef, sta@dingudiyibg opeegtaore wa sgmrfarmerhos phroomcwithi al
catalyst A As a result of analysis of phosphorus
tengpdatuby of 851G dndichemiditpgf&0Pe forel boarcte prepare a solid
spectronetry for the catalyst, the conposition of the
phesmdepioadid catalyssdppdystavesulb bfanalysis ofspludspbloves FOPLBY

at.om anmount, -herei nafter the sanme as above) was

- solgbnpeleed pdgndicorashophes ppentrematydosthe gatalyst, the

pyrophosphoric¢c acid 15% w t hout _pol fophosphori ¢ acid.
composifenaf dhe phosphexie agid saprpried fmel%sin texas of phosphorus

phosphor,i acid anpunt in the catal yst was 20. mass%
atqmy at"g?"rfht g‘Pr%PPEtﬁﬁggg FABIG 3 ahove otePo Bfter i
oS IR I ELA SRP IR 35 h S Mo W it

polyphosphoric acid. As the result of neutralizing titration, the phosphoric

acid amount in the catalyst was 20 mass% in terms of orthophosphoric acid
amount, and after removing the phosphoric acid by washing of the catalyst
with water followed by drying, the ratio of the carrier in the catalyst was
77.5 mass%. Accordingly, the phésphoric acid support amount 1s 25.8
mass%. |

2g of the solid phosphoric acid ca_ﬁalyst A was ~packed in a tubular
stainless steel reactor (inside aiameter: 8 mm), and dimerization reaction
was carried out continuously for 30 days While feeding an
isob'utylene-containing raw material (isobutyléne 30 mass%, n-butenes 5
mass%, n-hexane 65-mass%, and water 250 mass ppm) from an upper part of

the reactor at a rate of 40 g/h (WHSV=26.h‘1) and drawing out the reaction

13
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with water foll owed by drying, the ratio of the
carrier in the catalyst was 20 77.5 mass%
Accordi ngly, the phosphoric acid support amount is
25.8 mass% 2g of the solid phosphoric acid catalyst
A was packed in a tubular stainless steel reactor
e nd _d {.zation_reaction
proﬁh@?cgﬁt?@%h R oRel Rheru@epbr 7sballd BRar PE" 38 ng
0 sobut vl ene
a%ée(ll &QH ta{#r%ggurce (@‘fb%ﬁ an%iN% @angstgge%ggp/er%hlae of

tenes mass % exan

o t f C
802%? Zf*a%?é’ao 454%‘31?%81{*%%9@*@%0%&‘%% hesgBtEHeidn
r j f
the (%%Qgg?%ei&le%rrﬂp%ﬁgﬁggéeyédtcgﬁg e(r%rglﬁ)v&r?wg‘aﬁgegi an 1n Table 3,
res 5@0§§ ke of 1.0 I\/Pa and a catal yst bed terrperature of
e reaction result and the conpositions of the
phosphorlc acid on the catalyst before and after the
reaction are shown in Table 1 and in Table 3, 5
Exd@pheeti vel y. Exanple 2 3.0g of extrusion nol ded
product of diatomte (1 nm-x2mm) was packed in a

t ubg.ag of batrisess nl@ed prEBLdtOF diAtdshide (HndiBLk2hmPwas
mm) . A 10 31-mass% phosphoric acid agueous sol ution

packed inny twsllae dtdindesstdieel @aRtor Pasitle Mammbeer: BaBhO! A
just in an anount sufficient to entirely dip the

31-disasonphesphaidadiiequroapRohitiorndiad ia6dodsd $RImthelower
was renoved fromthe | ower part of the reactor after

part ofiohe ref¥tyi pgstapedmbrwunsasiffibient ¢aentiedyodip e diatomite,
feeding nitrogen gas containing 2 vol.% of noisture

and tlophpgpdrorpaadid efquebes seltticor was ramorved frdrethel@ver part of
(25C) and a rate of 1 L/H for 90 m nutes and

thediesctrarraftergl hiotir.f r Dayingeoderationpaad theh satriet out by feeding
phosphoric acid catalyst B partially taken out of the

nityogeotgas eeadammak \2red. % nf nie ssmedromnueperasart vf Eramphetor at
1. As the result, the phosphoric acid supported had a

roogbifFBBeTatYHe éZjﬁQ)gamdqg rafe of 1 I/H for 90 minutes and discharging

it from the lower part. A solid phosphoric acid catalyst B partially taken out
of the reactor was analyzed in the same manner as in Example 1. As the
result, the phosphoric acid supported had a composition consisting of
orthophosphoric acid 87% and pyrophosphoric acid 13% without
polyphosphoric acid. The amount of the phosphoric acid (in terms of
orthophosphoric acid amount) in the catalyst was 19 mass%, the ratio of the
carrler in the catalyst was 77.7 mass%, and the phosphoric acid support
amount was thus 24.4 mass%. The amount of the catalyst left in the reactor
was 1.86 g.

Then, dimerization reaction was carried out continuously for 30 days
while feeding an isobutylene-containing raw material (isobutylene 30 mass%,

n-butenes 5 mass%, n-hexane 65 mass%, and water 250 mass ppm) from

14
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ort hophosphori c acid 87% and pyrophosphoric acid 13%
W t hout 20 pol yphosphoric acid. The anount of the
phosphoric acid (in terms of orthophosphoric acid
anount) in the catalyst was 19 nmass% the ratio of ‘the
carrier in the catalyst was 77.7 mass% and the
phosphoric acid support anmount was thus 24.4 mass%

upﬂagamw Bhe @EadtBe a€ Al @ty oF 409k (WHSe28aa0) Mid dWa®ing out
. 25 Then, dinerization reaction was carried out

theCrRAkLEi0H P#sHMct Qﬂuﬁ@ncfé(\/r% thellbwer baedi Ny ligfid phase state was
i sobutyl ene-containing raw material (isobutylene 30

maifas$ied witlbHipressure dfase MPA anedxabetabpstrimslstémpai@dture of
wat er 250 mass ppn) from 14 upper part of the reactor

80°@. Alé@texctiondfbstlhafdhiYeadpbsitionand thegMosgherit aciden
reacti on product solution fromthe |ower part. A
thel dagalydt pbfure asidedfeemetse remetiohaineathowt in Tableesand én dable 3,
1.0 MPa and a catal yst bed tenperature of 80C. The
respeéitdlon result and the conpositions of the phosphoric
acid on 5 the catal yst before and after the reaction
are shown in Table 1 and in Table 3, respectively.
Exanple 3 Dinerization reaction was carried out in the
Exsapte Banner as in 10 Exanple 1, except using a raw
mat eri al conposed of isobutylene 35 nass% n-hexane
65 nEséhization weaeior? S@smassiedpmt 1Tibe saast inemnee sglin
and the conpositions of the phosphoric acid on the
Exampd¢ ysexdept orsengadasf materinbcompassad efrisebetydersad immass%,
Table 1 and in Tabl.e 3, respectively. 15 Example 4
n-hpxane i65amasslor eadtwatﬁr\zéQ ass PpE. oUkhd reackionsgsult and the
manner as in nple 1, except usi a raw materia
compeydens obthe §b@%ﬁfwré<hémé qraﬁs@/sata}ysg eborearpdratigr the
- n- hexane 65 masso/% and water 250 mass ppm and setting
reacHen e shigra 1y Tably mdaﬂdTath%%?’caftS&ey tfelbfed
tenperature to 145C

Example 4

Dimerization reaction was carried out in the same manner as in
Example 1, except using a raw material cofnposed of isobutylene 8 inass%,
n-butenes 27 mass%, n-hexane 65 mass%, and water 250 mass ppm. and
setting the pressﬁre to 2.0 MPa and the catalyst bed texhperature to 145°C.
The reaction result and the compositions of the phosphoric acid on the
catalyst before and after the reaction are shown in Table 1 and in Table 3,

respectively.

Example 5
Dimerization reaction was carried out in the same manner as in
Example 1, except using a raw material composed of n-butenes 35 mass%,

n-hexane 65 mass% and water 250 mass ppm, and setting the pressure to 2.0
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20 The reaction result and the conpositions of the
phosphoric acid on the catalyst before and after the
reaction are shown in Table 1 and in Table 3,
respectively. Exanple 5 25 Dinerization reaction was
carried out in the sane rranner as in Exanple 1,

Mleﬁ(ﬁﬁatth% Ezgl)ﬁt BQ@E% ure ggd 2 &ennggg ggerﬁesgﬁoand
theg%c}{lkggtlogg JP'th ?)L}Jlr %ﬁé{%lg?g dlgn ME) cg{]aq gthb at a fheéf the

erature e reac Ion ESU

re%ﬁgﬁr s e;én 7 ?Ifér ?Eei)lg\%ﬁﬂgofékﬁe%mrgs;ﬁ ;f)ﬁcat aI yst

reaction ar Table 1
and in Table 3, respectively. 5 Exanple 6 3.0g of
extrusion nol ded product of diatomte (1 mm-x2mm) was

E ggin a tubul ar stainless steel reactor (inside
x%ﬁ?ﬂ ter: and a 31-mass% phosphorl c acid

aqueg s o?%'x@ltds‘?éih ‘P@(ﬂdb@?ﬁ“@&i&&e&"ﬁ ?EHHI 8% 'm rxt2m19f) ;ilvas

the reactor just in an anount s Icient to entire

paéidd ihg thﬁIaQrchﬁ)leﬁqgeépréﬁ%oxpﬁﬁ§modﬂa%&€f CB ﬁﬁﬁ?oali‘ﬂ a
solution was renmoved fromthe | ower part of

31easPP hhabplsrid aBidulqudduki Jodu 9HE et d ﬁﬂr&ﬂﬁceﬁh@@m lower part
carried out by feeding dry nitrogen gas from upper

of Y feaRtort gt R aatDhodht EQEFR SRS RIMIE A2 PR datdndte, and
rate of 1 L/H for 60 mnutes and discharging it from

thd prodphweic pddtaquioaskoliti@hwaphenioveddréinadledbyst part of the
partially taken out of the reactor was analyzed in 15
redcher sfaee 1 iurer Dagingofxanionewas then cherieé sult by febéing dry
phosphori c acid supported had a conposition consisting
nitodger gdofroosphper parcifdh8@actod at pyompleagpiratine @5°6) and a
20% wi t hout pol yphosphoric acid. The anmount of the
ratphifphi ifer 6@ intingites 4ed MEsdfargintghufhonpher oweagiadt. A solid
anmount) in the catalyst was 19 mass% the ratio of
phosphorar adidreatalysh € watwillysta kemsowt8of heassboramals 2Batyzed in
phosphoric acid support anmpunt was thus 24.3 mass%
theTspme mpampends in Example 1. As the result, the phosphoric acid
supported had a composition consisting of orthophosphoric acid 80% and
pyrophosphoric acid 20% without polyphosphoric acid. The amount of the
phosphoric acid (in terms of orthophosphoric acid amount) in the catalyst
was 19 mass%, the ratio of the carrier in the catalyst was 78.3 mass%, and
the phosphoric acid support amount was thus 24.3 mass%. The amount of
the catalyst left in the reactor was 1.93 g.

Then, dimerization reaction was carried out continuously for 30 days
while feeding an isobutylene-containing raw material (isobutylene 30 mass%,
n-butenes 5 mass% and n-hexane 65 mass%) which substantially contains no
water from an upper part of the reactor at a rate of 40 g/h (WHSV=26 h1)

and drawing out from a lower part thereof. A liquid phase state was

maintained with a pressure of 1.0 MPa and a catalyst bed temperature of
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the catalyst left in the reactor was 1.93 g. Then,

di meri zation reaction was carried out continuously for
30 days while feeding an isobutyl ene-containing raw
mat eri al (isobutylene 30 mass% n-butenes 5 mass% and
n- hexane 65 mass% which substantially contains no 25
wat er from an upper part of the reactor at a rate of

8049 JI'Re rMdeNTfeshiitland BRé cempobRibreWf theYRodpheyieracid on

part thereof. A liquid phase state was nmintained
theWddthlydt BefTs Wikl Mted tib Maatianthr@ shakal #5TabRA and in Table 3,
tenperature of 16 80C. The reaction result and the _
resE@éﬂWQ ytions of the phosphoric acid on the catalyst
efore and after the reaction are shown in Table 1 and
in Table 3, respectively. 5 Exanpl'e 7 Dinerization
reaction was carried out in the sane nmanner as in
Exiplelfe 1, except using a raw material conposed of
i sopentenes 20 mass% n-pentenes 20 nmass%
cycl Djmetiemdod @eaetsalwas-caernedrnat i thesatheanchnnsztasrin
250 mass ppm and setting the pressure to 2.0 MPa and
Exthple at ekoept ubbndadawenpeéerdnlicanposedafGsoptetenea @0i mass%,
result and the conpositions of the -phosphoric acid on
n-peintenest 20 ystsshefegrlopantkref 1@ masts, repeniaore &1 massvmand
in Table 1 and in Table 3, respectively. Exanple 8 15
waBmes0 mS'sqxpm,e@md settingthepressute tu2.0 MRahand 4hre catalyst
manner as in Exanple .1, except using a raw materi al
bedternpgratuce pddpiG.onThe reaetiom gewflt anddhetopmapnsitiens of the
mass% n-butenes 3 mass% i sopentenes 7 mass%
ph%mtoe«md onltherpasabyst he%v@ﬁamél Hoemtwsneashignatesthoygpin
pm and setting the pressure to 1.5 MPa and the
Ta*elstlaayétm dable dn¥aspactivelyt o 120C. The 20 reaction
result and the conpositions of the phosphoric acid on
the catalyst before and after the reaction are shown

in Tahle 1 and in Table 3,
Example :

Dimerization reacﬁo'n was carried out in the same manner as in
Example 1, exeept using a raw material haizing a composition consisting of
isobutylene 20 mass%, n-butenes 3 mass%, isopentenes 7 mass%, n-pentenes
10 mass%, n-hexane 60 mass% and water 250 mass ppm, and setting the
pressure to 1.5 MPa and the catalyst bed ter’nperature to 120°C. The
reaction result and the compositions of the phosphoric acid on the catalyst
before and after the reaction are shown in Table 1 and 1n Table 3,

respectively.

[Comparative Example 1]
Same operation as in Ex-ample 1 was carried out, except performing
the drying operation in a dry oven at 110°C after removing the phosphoric

acid aqueous solution, whereby a solid phosphoric acid catalyst D was
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respectively. [Conparative Exanple 1] 25 Sane
operation as in Exanple 1.was carried out, except
performng the drying operation in a dry oven at 110C
after renoving the phosphoric acid aqueous sol ution,
whereby a solid phosphoric acid catalyst D was 17

or Y S TR0 Bl St b2 PRSP
o HPRBEAE N B TR By SORRIE B9 Beicpropoioe o
orBELKBIRAREDE 261 oG, ATRANP), LOSHBRRARE e
L R
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osphori c acl I'merization = reac
[ t 1 ' I )
a0 SRR M LA TR % AR b 2.
maB8RS PN hE tAEisHlALHIBhe RS Y EaleiQrS, ﬁ{@dilf)eﬁ%t%n
the reaction are shown in Table 2 and I n Table 4,

reac6i9R8FAS ¥RHYed ol FRITHIRE 84 m¥anEXABPAS iR ExadifleAPerBid Afhction
as in Exanple 2 was perforned, except perform ng,

resait &id &B@@Mﬂn@@sitﬁ&s%f&%@%ds?h@ﬁﬂc%cﬁﬂ HRQHE catdlyEi Béfore and
the drying operation by 15 feeding dry nitrogen gas

aftef tIRORa ctdnda eyt &6 Tabler iaald i Baseer rbypfeividy M ng
di pping in the phosphoric acid aqueous sol ution and
renoval of the aqueous solution by the sanme nethod as
in Exanple 2 at a rate of 1 L/H for 1 hour from upper
[Comapdrarfve Beamgdedr (and di scharging it fromthe | ower
part thereof). A solid phosphoric acid catalyst E
t akeSamatopefatitre asaadiarmplk Dam sapatfyreed,i exctpepsdoEming,
manner as in Exanple 1. As the result, the phosphoric
aftecrameupgdheghdsatioaiccanp agiitownsadaniens thedryhg operation by
ort hophosphoric acid 25% pyrophosphoric acid 39% and
feegigydhosphegarcgas pH266% taThsupported material prepared by
performing dipping in the phosphoric acid aqueous solution and removal of
the aqueous solution by the same method as in Example 2 at a rate of 1 L/H
for 1 hour from upper part of the reactor (and discharging it from the lower
part thereof). A solid phosphoric acid catalyst E taken out of the reactor
was analyzed in the same manner as in Example 1. As the result, the
phosphoric acid supported had a composition consisting of orthophosphoric
acid 25%, pyrophosphoric acid 39% and polyphosphoric acid 36%. The
amount of the phosphoric acid (in terms of orthophosphoric acid amount) in
the catalyst was 18 mass%, the ratio of the carrier in the catalyst was 83.3
mass%, and the phosphoric acid support amount was thus 21.6 mass%.

Then, using 1.8 g of the catalyst E left in the reactor, dimerization

reaction was carried out in the same manner as in Example 2. The reaction
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25

anmount of the phosphoric acid (in ternms of

ort hophosphoric acid anbunt) in the catalyst was 18
‘mass% the ratio of the carrier in the catal yst was
83.3 25 mass% and the phosphoric acid support anount
was thus 21.6 mass% Then, using 1.8 g of the
catalyst E left in the reactor, dinerization reaction

restSadithé @6mubitiohstdfehe YO sPRBFIE acRkb oh RhEXatdll &t Before and |
The reaction 18 result and the conpositions of the

afteheisdPQickionasietsHywit e Tablead vad iBeT4b1e 4arespertively. t he
reaction are shown in Table 2 and in Table 4,
respectively. [Conparative Exanple 3] 5 Dimerization
reaction was carried out in the sane manner as in
[Cleappaitaid Egampdéple 1, except 'using a raw nateria
havi ng a conposition consisting of isobutylene 35
mas sPiméribetien eeb&tiormss antiedaigin2he samss mapper abhia -
reaction result and the conpositions of the phosphoric
Coapiadatine thxampglet Blexséptedingen pal mébteeialthrering actongposition
are shown in Table 2 and in Table 4, 10 respectively.
corjsGanmpavhisobatHraeld3band$s%) ndraxaati 6nmasskt drahwader 250 mass
carried out in the same manner as in Conparative
ppiix afflieerehctionaepultiumidighecconapositives ohthéphospharic acid on the
conposition 15 consisting of isobutylene 8 mass% .
catalysttbefme 2 afiss the nedrnsicanareshaoveas 3861 abibel 2 \wanden Paidle 4,
mass ppm and setting the pressure to 2.0 MPa and the
respactavelst bed tenperature to 145C. The reaction result
and the conpositions of the phosphoric acid on the
catal yst before and after the reaction are shown in
Table 2 and in_Table 4, respectively. 20 [Conparative
[Campagateveskxampde dkati on reaction was carried out in
the sane manner as_in Conparative Exanple 2, except.
usi NgIECHAN AR TBRFEIN WA ST editiBdheisgie manner as in

Comparative Example 1, except using a raw material having a composition

" consisting of isobutylene 8 mass%, n-butenes 27 mass%, n-hexane 65 mass%

and water 250 mass ppm, and setting the pressure to 2.0 MPa and the
catalyst bed temperature to 145°C. The reaction result and the
compositions of the phosphoric acid on the catalyst before and after the

reaction are shown in Table 2 and in Table 4, respectively.

[Comparative Example 5]

Dimerization reaction was carried out in the same manner as in
Comparative Example 2, except using a raw material having a composition
consisting of n-butenes 35 mass%, n-hexane 65 mass% and water 250 mass
ppm, and setting the pressure to 2.0 MPa and the catalyst bed temperature
to 145°C. Since no dimerized product was obtained, the reaction was

terminated in 5 hours. The reaction result and the composition of

19



consi sting of n-butenes 35 mass'/0, n-hexane 65 mass%
and water 250 mass 25 ppm and setting the pressure to
2.0 MPa and the catalyst bed tenperature to 145C.
Since no dinerized product was obtai ned, the reaction
was termnated in 5 hours. The reaction result and
it S acid on the ca t
ol RRAR PLAR il as D RRENel TR #%3 e Pl 2 ane
e Table 1: Reaction Result Exanple 1 2
u1§bﬁﬁ»§%%$b§%ﬁk¥¥er 5 hrs Aefin Conversion (% 75 76

Tag% g%%tl %ﬁgs,]ﬂ. Dimer Selectivity (% 90 89 80 93 94

ner Yield (% 68 68 64 45 33 68 44 62
After 30 days Aefin Conver sj gg %ﬁ% 80 80 86 50 37 57
41 75 Diner Selectivity (% 5

93 93 85 91 85
D nmer Yie

Reaction

d (% 68 70 65 47
esult Conparative

Slégang% o]

) 364

12

5

Tgble 2

% tle)

Aftg B 5,0
eI ec | Vi
36 0 Aft

D ner Sel

11 26 16 ¢t

Cat al yst

T PR EE0, ) [P

b

3253 41

gBDg}?ZJ%C

gbglggrg@y&o%qigm

T

i Yog%g

#

D20.T300G &) Phosahes

are an ?ter Re

actilo

%83‘

8P

o§ét

I

After 30 days

Olefin Conversion (%)

80

80

86

50

37

57

41

Dimer Selectivity (%)

85

88

75

93

93

85

91

Dimer Yield (%)

68

70

65

47

34

48

46

Table 2: Reaction Result

Comparative Example
1 (2 |3 |4 |5
After 5 hrs Olefin Conversion (%) |49 [32 |55 |41 |0
Dimer Selectivity (%) |85 |64 |77 | 87
Dimer Yield (%) 42 |20 {42 (36 |0
After 30 days | Olefin Conversion (%) |40 |22 |41 |21
Dimer Selectivity (%) |67 |50 |63 |75
Dimer Yield (%) 27 |11 |26 |16

20




10

(mol % in terms of phosphorus atom anount) Exanple
3456 7 8 Before reaction Othophosphoric acid 85
87 85 85 85 80 85 85 Pyrophosphoric acid 15 13 15 15
15 20 15 15 Pol yphosphoric acid 0 0 0 0 0 0 O O After
30 days Ot hophosphoric acid 79 82 81 79 77 59 78 80

Pyrophosphoric acid 21 18 19 21 22 36 22 20

12

Table! ¥ PH5pReFicGcdd ContbdtifoR id @thy@t B 4nd After Reaction
Phosphoric acid Conposition in Catal yst Before and

(méP} & +&aa6 b BRoshdriea¥eina heh

H@ of phos

phorus atom

atpurt)—Conmparati-ve l:vnnr'nl e Before
Orthophosphgrl c acid 57 25 57E,5§m%ﬁ; reacti on
Pyr ophosphoric acid 38 39 383840 Polyphosphgric
acid 5 36|55 34 After 30 days |@thgphpgphosi ¢ gacilgg |8
42 13 35 U5 D\Irnnhncnhnrl clacid 46131 45 47 i
Bef”’cxpyphosphg&ttfo sghaRca6i@0 & -| gmdest (88l | 85 |80 | 85 |85
reakpioini cabi H-ty—the—solidphosphoric—acidicatalystof
t he presenny@mbh@ﬂc@@m be 1819a® i nsvaL50uss |20 |15 |15
reacti onsfusi-ng—acid-catalyst sych-as _+dpak#e.
reaction 3p01y<g,|h@gbﬂon@5m atlien |fea¢pi opgof | @rqmpatile@ | o
Pnnpmmri: besides the olefin 10 !dimeri ign 21
After 30 days | Orthophosphoricacid |79 (82 |81 |79 |77 |59 |78 |80
Pyrophosphoric acid |21 |18 {19 |21 |22 |36 |22 |20
Polyphosphoric acid 60 |0 |0 |0 |1 |5 |0 |O

Table 4: Phosphoric acid Composition in Catalyst Before and After Reaction

(mol% in terms of phosphorus atom amount)

Comparative Examplé

1 |2 |3 |4 |5

Befor'e Orthophosphoric acid |57 |25 |57 |57 |26
reaction : -

Pyrophosphoricacid |38 |39 |38 |38 |40

Polyphosphoric acid 5 |36 {5 |5 |34
After 30 days | Orthophosphoric acid |42 |13 |35 |45

Pyrophosphoric acid 46 |31 |45 |47 |-

Polyphosphoric acid 12 |56 |20 |8

Industrial Applicability

"The solid phosphoric acid catalyst of the present invention can be

used 1n various reactions using acid catalyst such as hydration reaction of

olefin, alkylation reaction of aromatic compounds besides the olefin

dimerization.
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CLAIMS 1. A solid phosphoric acid catalyst,

conpri sing phosphoric acid (including those which can
change to phosphoric acid by hydrolysis, hereinafter
the sane as above) supported on a carrier, the
proportion of 5 orthophosphoric acid in the
phosphoric acid supporteqHBQhﬁ: 60 nol % or nore in
terms of phosphorus at omanount. 2. The solid

h hoRi_Gq:.aCi  ysSt i . ¢l ai whi ch.
PNOSPNOAIG); C;E)}gosg)??)ﬁlgc?/aﬁ:%d g&%ﬁ%gﬂ il m.tp?‘ls%’&g' é@gé%lé%rdé Sid

is prepare Sphior e

(inERUdiE oo WRIAPEIACh NS By phBSHIEARE hAL L ANSTRY

reparation”protess bei hg pe

he%?néﬁgp BHALAS elsgﬁl(%viez Eﬁggé%%?‘sonsa cAYH1EL IEBQ pfgﬁf)ortion of

meri zation of I'ng bringing
oA R B L ShBElcRlcid ShBpiRh Belng'bp dndiPGor
moPé i tefns SPBhOES KRG s2R6RH Fiddnk0 ¢l aim 3, wherein the
olefin-containing 15 raw material contains water in

an agoulhe 8hlid YHopROKPE aFRESatAFEt R2cord1BeTBlclAth 1, which is
according to claim3 or 4, wherein the

prepagbi rbyomﬁ%aihqgi APhbah Tt 8¢idad quepuBBUMISn 1o oF@REER th
with the soli phosphoric acid catalyst in liquid

thepftasier f6llowba byed Haflg ateos éipadation Pr¥cRDPhg %b?ﬂoﬂﬁlea at a
to 5, wherein the 20 olefin is a nonoolefin having 3
tenigerdtasy everathans1@p°COn xt ure of those nonool efins. 22

3. A method for dimerization of olefin, comprising bringing an
olefin-containing raw material into contact with the solid phosphoric acid
catalyst according to claim 1 or 2.

4. The method according to claim 3, wherein the olefin-containing
raw material contains water in an amount of 10 to 1000 mass ppm.

5. The method according to claim 3 or 4, wherein the
olefin-containing raw material is brought into contact with the solid
phosphoric acid catalyst in liquid phase.

6. The method according to any one of claims 3 to 5, wherein the

olefin is a monoolefin having 3 to 7 carbon atoms or mixture of those

monoolefins.
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