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SPECI FI CATI ON METHODS OF OLEFI N DI MERI ZATI ON REACTI ON W TH SOLI D
PHOSPHORI C ACI D CATALYST TECHNI CAL FI ELD The present invention
relates to a nethod of a selective olefin dinerization reaction with
a solid phosphoric acid catal yst conprising a phosphoric acid
supported on a carrier. BACKGROUND ART  An oligoner of olefins is
used for many purposes and especially a dinmer of |ow nolecul ar

ol efins (for exanple, propylene, SRESIFEKALIONsobut ene, pent enes) has

i nportance as a base material of the high-octane nunber base
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conducted4@§)€ Als¥SDBf an acid catal yst where nmany studi es have been
conducted up to the present. The acid catal ysts such as sulfuric
acid, hydrogen fluoride, phosphoric acid, alum numchloride, and
boron fl WECEENI@AM BIBOD d acid such as anorphous or crystalline
alumnumsilicate, clay, 1on exchan%e resin, oxide mxture, and an
aci d supportaesesiinrationaelams éo gmedi &4 acelevievn ¢lofmilinesmapdres:aciamdwith
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The present invention is to provide the effective dinerization

reaction nethod of the olefin using a solid phosphoric acid catal yst

havi ng high reactivity and dinerization selectivity in the

di meri zation of an olefin. [Method to solve the problen] The first

enbodi ment of the present invention relates to a nethod for

dinmerizing an olefin conprising the follow ng 3 steps sequentially:

step 1: bssirogficagharichaeild cimrobﬁmzomoabﬁsm thakeppodied mt:é;ﬂﬁ&c rmﬁScapq:lmt

and contarn S ti | ef i Lo captact
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The sol i cacpphesplysr isc:reqmrrd:i eafaipysto Beokeidgint ﬂletdﬂﬁ:emf&r&&ﬂl ptdwﬂsmm &n
IS sui tat:ﬁg)/ﬁ%)%grt ]}( crmca cq (r:rgerr zat i on reaction of an 0 n_where
an olefin ainer ts el V" produced & nes "tHe by Eparht] 8 Vefuences
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according to_the present inventiqgn, the reaction can Initlated
surel y an@2SingofuypPlveseder Mpte qaa%lywr% grecppallnand #oe dryigg)steghel the
present idavendtiofquirkd b&feredBsesdcbed 1 n detail as follows. As a
carrier d for,the solid ph ri id catal yst according to the
present Lﬁ% SPfedte Ocrlfnﬁflgpg'}gﬂﬁbétgg?fﬁd ted specifically if the
phosphor iReferenet Reaentizocsuppo?- tJé’@;O%ﬁﬁ)aO};Bef erably, the nol ded product
of sili C%?@reﬁf?erﬁdtgﬂﬁﬁdﬁﬁﬁle %FP@ earth, infusorial earth,

celiate earth, Kiesel guhr uIIer S earth artificial porous
silica, dirdenentedien BrigauBecustent e Apphﬁd@eﬁ‘a@% Graerals 1893, 97np d4%d96.
that the carrier is produced by nol di ng, the calcinations can be
conduct ed . f | ition for the purpose to provide a
suf fi ci ent==stFeht ; Breeolare, and a specific surface area. Wth

[Problem to be solved]
The present invention is to provide the effective dimerization reaction method of the

olefin using a solid phosphoric acid catalyst having high reactivity and dimerization
selectivity in the dimerization of an olefin.

[Method to solve the problem]



reséect to the nol ding nethod and the shape of the nolded product, no
restriction is provided specifically, and for exanple, various types
such as granular, plate-like, and pellet-like product can be nmade by

t abl et ifg, extrusion.,noldin spra ry, tunbli ranul ati on,
ool at 1 0 1S cpfan e R P AR e Bl o i B Shon izt olatie
t o appr oxbiBiielng ths folloRg 3 sss $dageRh@sphoric acid, for exanple, an

ort hophosphoric acid and i1ts condensation products (pyrophosphoric
aci d, pol y§¥okgHeing slidgownpnt deatdinike water af 14 000 staedpprand tdrgaining

chem cal i S drolyzed.to, th hosphorjc acid.(the ..
pr ecur sorsgg%?ﬁgg %ﬁ\ggégﬁl g r :Eoccog%:/e}céﬁl%fadslp hé?ﬁ?‘ﬁﬁ’ﬁ%& QCIg ﬁ%@‘ﬁﬁ% ?’Vﬁ’fregbﬁ’ﬂ solid
ester of phasiinric acidizatalyst Sompri%e BPhoshsec ean, MEludERG: coMRRnd Féigiikg the
m xture EXFR’E ,use.g. The proportion of the phosphoric acid to t%le
carri er PHOPRRQUIE 3614\ By dyydyotyas, SHBRGISE 0@ cattied, Wherell anwaieeedniant pfite

or t hophospheyi I LG AC] her .t han .. o

or t hopho gghﬁ% ?liu%pg%:ugac?&s] Qagéﬁ?%tucf%gftﬂg% lec{l] h{é@%og%&? %gd E([))yt%ﬁ%tbl}goa% 8 ﬁ% rq EOI
aci d whi ¢R migufss odifcmdssihenmhyedrastd/ aed diphogihehisl pentabeide i(PAL  @fived fam
support\e/\ﬁléegposg}?ori Cngi d anount”) is 10-200 nass% preferably 30-120
mass% Re'LHH56rt ed amount is | ower than the val ue mentioned
above, i t issegDicontiglliBE 8Bt sHERAE atiiBpQhiefd B t%.l 1L APl AR oh St Aof
activity is low. Al so, supporting nore phosphoric aci J than menti oned
above i s tef 9lefig dimerizatiqtheeagigdni: dnphosphoric aci d catal yst according to

th [ i LS. d b ti t hosphor. i i
on- t he caryer Y e BURHERRLE Ssebto R B R AT BERaR Sithoh e
cat al yst cobtaminedwagatehigl ovataiihg k&S 0PN0.NEGY MAG Jke aeRbdse thalboldROt
for 20m nutes is 50mass% or, nore (0.5mass times or nore ) to the

di phosphé#ti &35 B Ferdaqt padnihe gelid phaspherbmcideatgiigisphori ¢ aci d. Wen
t he anou L p . ti i el ow.50
e 20Ut oo LRl P38 05! Al B30 SRR IR Ay BRI e
ol ef i n dioheéimi @atrdorg tanit hateatbodirhant bétepeeseMminvaitien, whireinupper |inmit

of the anpunt of water obtained as the weight |oss on heating differs
dependi n§FORFEHE gﬁﬁ)@?@&ﬁl I5HBEBR SPRELI ARG ORling o tha SeB Rde hisha ot and

ki nds of sgar ia@rthe éﬁ&i&%mlp.bm&rg dr ﬁn@%@éfLﬂ & eli¥atio%%a%ﬁnq§§§taﬂggﬁg state
t of p n

excess anount of water, the amoun osphoric acid supporte
carrier igemthdetepd be | ow so that, generally, the anount of water is

1, 300mass%.0r. | ess 3mass .times or less), and preferably 600mass %
SEASLERGE of B2 R Gbal

or |ess( referably, 400mass % or |ess(4nmass
tines or |IB&shlid phb@hbsic hdle cadBYNccOidifZ@nhd Prebdif iSRhAbY Rsuftdble be
cal cul ated by the difference between the residual anmount which is
obt ai ned e#Recll e dimsnizeion sactisofanmisfin whrsd anelafint dimesis effiectiredy i ng
fromthe . amount of. the carti.er and P205) and
the carr ch%ﬁlgﬁﬁé?é%gﬁ 5#%%310@3%\%%{:% PG CHREERY iaﬂg a%tfwgfhaé%ccg?lg’i yst .

The neasuelerrevity apé higheanded @itdly$tigsisddndedsd, b teasest (BoOadMGEedcdiinghe
general thernogravinetric analysis and usually is carried out under

the i ner f© GEPTSERDERHEIE,. Bgaerchen kon bapitaes sy apd stably. The

pr epar at {%tﬁod%@&@é%ﬁlﬁ@ht%%ﬁ%%ﬁhﬁi ng the phosphoric acid on the
carrier can be conduct'ed by _the imersion of the carrier in the

phosphor i cCREGEsGrerBAR Wit he fereriberhiadgtadhas fplomval of the surplus
phosphori casagi drsed utddofer thBesolingitabratic aRidieadlvkOheddd@ng ab ahy Siresent

preparation j.s not specifically |imted, and a.general batch type bath
P b kBt ateRRE rehtrp el oy the e e arek 4o e Rpor et
react i onand papletdbdy tht heldal plodstt off €hanad cameantch g dafoalaysins earth,
packi ng can_be uct. i aneousl v.. The..concenirat.i..on, of the,.
P phor s SRS AL KIADEINS Jansl WRUERDESTRT SHAGR ot Fliew
case of 82d prddedoprodudt @f reismprteferaaliiedissid be cedechwethghtartiosis poaduced

heating Gan, HEiTRdE: LAchigoRr SICLELHNELa VRIS fohePauldTBRLSEH RLaLS:

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



nore preferably 15-60mass % The productivity falls if the solvent is
excessive in anobunt and the heat renoval effect falls if the sol vent
is too small in anount. According to the present invention, the
olefin containing raw material is preferable to be brought into
contact with the catalyst in the liquid phase. The gas phase is not
preferable since the olefin dinmerization reaction activity and

di ner Ib Izat tepecs &b eleetb meidine ﬂl@&ﬁaﬁtﬂﬁw fReNGab® of &lel r?@ashkfafbau&ahaldahcﬁdﬂ R
possibly tends.to t he occurrence of cokin eact qr
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restrict egklisptike firoduds yeanaind rbate chy tty}qﬂet nﬁﬂcﬁihg,basttatsldnymldlﬁg,nhprajuaﬂﬁ
flow type,| ach tinuo e
reaction y i%%egggﬁulgﬁoq e%gﬁlazlgé%pbe gﬁ%gl ng ﬁggdg’fal oyx?%lroélasé%e CF}{Q’
can be apphiew. apph@ilméﬁﬁbtﬁ)éﬁnmerrper at ure is O- BOOC preferably

20- 200t . The themmek o el féree%an;w@mno&théphegg hohE Gt %Eﬁraq}%ﬂ fs %&&féﬁsa% &

sufficient reaction rate can not be t ai ned erature o
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pressure i.S abl e |nc e reactl on stem no 0SSl
mai nt ai n ?hr?ép cir Hix )’pgﬂ lﬂ“ioﬁlﬁ aﬁ’rdeessgeﬁ m?%?’ F&’B]P‘z also”

si nce thecamri&tlalatﬂa&lsmmhmmﬁxtumeﬁbessed\/\v-lswrat| o] of feed materi al

mass to th f 300
1- 150hr - 1. R 150?{1%%??&”3?%?&% Wi ol Beta ‘erslf‘rr}g:leec?tﬁép LD B
ef fici encdfd &s F#Slﬂﬂfﬂqdcﬁ%ﬁhe aﬁhﬁli)@snbtrltpﬁéﬂea’rdbﬂ@ E@Sﬂ@ricaagé asherciran

the reactiHbhpHeshofiet aciBKe cRIARESS $n terdE &P rtﬂ!a r!ﬂtﬂoghcgsgﬁox% eal%ﬁntﬂhmh is
i nvention, he ol efin containing raw materi al rought into

cont act V\WrP “EHevaH hgdihEed rampletely; HGB%P%fF%?stthﬂlsﬁéEftrF%ﬁ Chegphpras geid
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hydr ocar ssenti al C aln fter . .
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Initiall yrea«atlcmaacaﬂvytsus ]oazyélso,l sippettingdnevetithotiberin arid chaf mentiyekdobaydian
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reaction héhe selfd Bhesphoriqingid catalyst aprording b thermvpisnt deveniipw és pisyared by
?rl ngi ng du@%a&éﬁ@%@%ﬁémhbﬁc tabi@ d’iﬂﬂrleQ:![anlbﬁ V?E&d{ ﬁqﬁﬂblbﬁﬂnt %H&g tBE B RSt of
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the weight loss on heating can be conducted by the general thermogravimetric analysis



2g of the solid phosphoric acid catalyst A is packed to the tube type
stainl ess steel reactor (inner dianeter 8mm) and from upper part of
the reactor, n-hexane containing 5Copmof water is fed at 21.3g/h
(WHSV=30h-9, and while a part of the effluent liquid di schar ged
fromthe | ower part of the reactor is made to flow together in feed
as recycling (recycling ratio R'F=4), the pressure and tenperature

are cont r ahldedudly ik Berfe&%ﬁE L8dkrithé ieft da@ Rt 80 Hetd Qh (a3 NIVERan POE like.
Si nce the p@gssure } rrper ture becanme stable at the reaction,
o Hiss

initiating V%Yeﬁ“yp%ﬁ@gﬁ & Phggrharic pad gnithe Fagier gan
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(i sobutyl » Yoo - R YL ENE, 1 s%, n- %)f n
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as nmuch anount gs al I(y e SJ|I%§ t% % [g]’ge el? and fromthe | ower
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one hour sbe pldttethimed ohlud ip hh)é;nﬁlrﬁé]iséd sate] baatld yst oBhigherpﬂh@ﬁ@leﬂass%,
Fromthe r t hoshrlc acid cataly
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respectively, and t e/i)r odoortl on 0SS on heating
resul ted ih 32@6"‘12??& S Yy ‘EEH’ebé mar’&ddﬁb@b‘hé?rgéteédﬂwsmw goid
B I eft i nahhent eachotarribs. Q?&teﬁﬁmiﬂépﬁf or@af to Bfakt RBe HRAGHOFe 261d NEYARE to
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Result EXAMPUES cdmpbsBioh & Butbnes is preferable to be adjusted depending on the
application and required properties (such as octane value index and the like) of the
dimers. Also, so far as to the extent that those required properties of the butene dimers

are satisfied, those butenes can contain other olefin, for example, propylene, straight

o

chain-, branched chain-, cyclic type-pentenes, hexenes, heptenes and the like.

The supply source of the olefin containing raw material is not limited specifically, for
example, the olefin fraction manufactured by FCC process, the olefin fraction obtained
by removing dien-component by extraction or selective hydrogenation from fraction
which is manufactured by naphtha-cracker process, coker-offgas fraction,
dehydrogenation reaction product and the like can be listed and their mixtures in an
optional proportion also can be used.

Moreover, content of the specific fraction in those raw material can be adjusted by
Increasing or decreasing by using usually known method such as distillation method
and the like. For example, isobutylene-isobutane fraction which contains high
concentration of isobutylene can be used. Those fraction containing high concentration
of isobutylene can be obtained by removing normal butenes and normal butane by
i 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 Cs fraction also works as the solvent. As the
amount of sclvent, 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



Cat al yst weight |oss on heating/P205 (mass% 230.8 230.8 230.2 51.0
230.8 230.8 230.8 Water anount in olefin containing raw materi al
(mass ppm 250 250 250 250 250 250 250 Reaction result

more preferably 15-60mass %. The productivity falls if the solvent is excessive in
amount and the heat removal effect falls if the solvent is too small in amount.

According to the present invention, the olefin containing raw material is preferable to
be brought into contact with the catalyst in the liquid phase. The gas phase is not
preferable since the olefin dimerization reaction activity and dimerization selectivity
possibly tend to fall and the catalyst life possibly tends to be short by the occurrence of
coking.

The reactor and reaction types used for the olefin dimerization reaction are not
restricted specifically, and batch type, semi-batch type, continuous flow type reactions
by vessel type reactor, and continucus flow type reaction by fixed bed, fluidized bed, and
moving bed flow reactor, can be applied. The reaction temperature is 0-300°C, preferably
20-200C. The temperature of less than 0C is not preferable since the sufficient
reaction rate can not be obtained and the temperature of more than 300°C is not
preferable since side reactions increase. The reaction pressure is preferable at normal
pressure to 20MPa. The low pressure is not preferable since the reaction system may
not possibly maintain the liquid phase and the high pressure is not preferable since the
installation cost increases. WHSV(ratio of feed material mass to the carrier mass in one
hour) is 0.1-300hr™1 , preferably 1-150hr ™1, WHSV is not preferable to be small since
the production efficiency is insufficient and is not preferable to be large since the
reaction does not make progress.

According to the present invention, the olefin containing raw material may be
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

mto 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 eatalyst is brought into contact with the non-olefin
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hydrocarbon, the time duration to start the olefin containing raw material feeding to the
catalyst layer (hereinafter setting time), is generally 1 hour-1,000 hours, and preferably
5 hours-240 hours, wherein the temperature and pressure are made to control to the
olefin dimerization reaction initiating condition. The reaction initiating condition is set
s0 as to be able to obtain targeted activity and selectivity in the condition range of the
above mentioned reaction temperature and pressure. In case that the setting time is
shorter than mentioned above, to stabilize to the predetermined condition is difficult
and in case that the setting time is longer than mentioned above, it is not preferable
because of deteriorating the production efficiency. In case that the temperature of the
reaction initiation condition is made to be higher than the reaction condition in the
stationary state brought after contacting the catalyst and the olefin containing raw
material, the catalyst activity in the initial period of the olefin dimerization reaction can
be made to be high and the oceurrence of the side reaction can be inhibited so that the
stationary state of the olefin dimerization reaction can be established immediately. The
temperature of the reaction initiating condition can be set optionally depending on the
target value of the initial activity and selectivity of the reaction and preferably, 5-50°C
higher than the reaction temperature in the stationary state. The higher temperature
than the above is not preferable because of the occurrence of a non-targeted side
reaction or the deterioration of the catalyst. In case that the temperature in the reaction
initiating condition makes higher than the reaction condition in the stationary state,
then subsequently, after the olefin containing raw material is fed to the cétalyst layer,
the reaction temperature is made so as to control to the predetermined stationary state.

According to the present invention, in order to prevent the catalyst from progressing
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-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
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decreases.

The solid phosphoric acid catalyst according to present invenntion, is characterized in
that the selectivity of dimer in the olefin dimerization reaction is high and the side
production of the oligomer of trimer or above by the reaction of dimer and the raw
material olefin, can be occurred in extremely low level. Accordingly, by conducting local
recycling in which a part of effluent from the reactor exit is made to recycle and to
combine to the raw material feed line, the reaction heat is removed more effectively
without severely damaging the dimer selectivity. The mass proportion of the recycling
amount to the raw material feed amount(R/F) can be taken optionally and, for example,
in case that 90% degree of conversion of the olefin dimerization reaction is targeted by
using the raw material containing 40 mass% olefin, R/F is 0-50, and preferably 1-10.

[EXAMPLE 1]

20.0g of 0.8-1.7mm ¢ synthetic silica granular product (CARIACT Q-50 manufactured
by FUJI SILISIA CHEMICAL LTD) ié immersed into 100ml of 42 mass % phosphoric
acid solution in 200ml size beaker. After one hour of immersion, the solution is
removed on the mesh filter and thereby solid phosphoric acid catalyst A is prepared.
When 28mg of the obtained catalyst is conducted to analyze by the thermogravimetric
analysis under the condition of 250°C for 20minutes, the weight loss on heating
(amount of water) is 12.6mg(45.0mass%), and the proportion of the total amount of
carrier and P20s1n the catalyst is 55.0 mass%. Then the mass, which is measured after
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 proportion of P2Os 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 Smass%, n-hexane 65mass%,
water 250 mass ppm) is fed at 21.3g/h  (WHSV=30h"1), 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 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
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discharged from the lower part of the reactor is made to flow together in feed as
recycling (recycling ratio R/F=4), the pressure and temperature are controlled to the
reaction initiation condition (1.0MPa, 80%C). Since the pressure and temperature
became stable at the reaction initiating condition in approximately one hour after feed
Initiation, the feeding is changed over by the olefin containing raw material (isobutylene
30mass%, n-butene bmass%, n-hexane 65mass%, water 250mass ppm), and the
dimerization reaction is conducted for 30 days continuously. The reaction results are
shown in Table 1.

[EXAMPLE 3]

1.5g of 0.8-1.7mm ¢ synthetic silica granular product (CARIACT Q-50 manufactured
by FUJI SILISTA CHEMICAL LTD.) is packed to the tube type stainless steel reactor
(inner diameter 8mm). From the lower part of the reactor, 42mass % phosphoric acid
solution is introduced as much amount as all the silica being immersed, and from the
lower part of the reactor, the phosphoric acid sclution is removed after one hour so that
the solid phosphoric acid catalyst B is prepared. From the reactor, 2.0g of the solid
phosphoric acid catalyst B are discharged and as a result of analysis as same in
EXAMPLE 1, the weight loss on heating (water) is 44.2mass %, and the carrier and
P20s in the catalyst are resulted in 36.6mass % and 19.2mass%, respectively, and the
proportion of weight loss on heating to P20s is resulted in 230.2mass%.

By using 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 80C 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 P20s 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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67 >K1) Initiation tinme of feeding of olefin containing raw materi al
Is made to be starting point. Table 2: Catal yst and Reaction Result
COVPARATI VE EXAMPLES 2 3 Catal yst weight | oss on heating/ P205
(mass% 31.5 230.8 230.8 Water anmount in olefin containing raw
material (mass ppm 250 0 1500

is 55.0 mass %, and P20s1s 29.8mass%.

The dimerization reaction is conducted as same in EXAMPLE 2 except using the solid
phosphoric acid catalyst C. The reaction results are shown in Table 1.

[EXAMPLE 5]

The dimerization reaction is conducted as same in EXAMPLE 2 except that the olefin
containing raw material composition is made as isobutylene Smass%, n-butene
2Tmass %, n-hexane 65mass%, water 250mass ppm, and the pressure is made as
2.0MPa, and the temperature of catalyst layer is made as 145%C. The reaction results
are shown in Table 1.

[EXAMPLE 6]

The dimerization reaction is conducted as same in EXAMPLE 2 except that the olefin
containing raw material composition is made as isopentene 20 mass%, n-pentene
20mass %, cyclopentene 10mass%, n-pentane 50mass%, water 250massppm, and the
pressure is made as 2.0MPa, and the temperature of catalyst layer is made as 145C.
The reaction results are shown in Table 1.

(EXAMPLE 7]

The dimerization reaction is conducted as same in EXAMPLE 2 except that the olefin
containing raw material composition is made as isobutylene 20 mass%, n-butene
3mass %, 1sopentene Tmass%, 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
1s 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 P2Os 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 Smass %, n-hexane

11



Reaction result 5 hours Conversion of olefin%54 82 44 64 93 60 40 94

38 After Dinerization selectivity% Dinmer yield %
65mass%, water 1,600mass ppm. The reaction results are shown in Table 2.
Table 1: Catalyst and Reaction Result
EXAMPLES
] 1 2 3 4 5 6 7
Catalyst weight loss
on heating/P205 (mass%) 230.8 | 230.8 | 230.2 51.0 230.8 | 230.8 | 230.8
Water amount in olefin containing 950 950 950 950 950 950 950
raw material (mass ppm)
Conversion
of olefin % 61 63 38 31 38 41 59
AﬂEr . . .
5 hours Dllmelflz.at‘f“ 92 | 92 | 75 | 8 | 94 | 92 | 93
. w1 selectivity %
{ A
Dimer yield % 56 58 66 69 36 38 55
Reaction
result Conversion
of olefin % 84 84 87 33 51 53 78
30 days | Dimerization 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%) 815 230.8 230.8
L_ Water amqunt in olefin containing 250 0 1500
raw material (mass ppm)
Conversion
of olefin % 54 64 40
Shours | Dimerization 82 93 94
%1 selectivity%
) Dimer yield % 44 60 38
Reaction
result Conversion
of olefin % 42 58 15
30 days | Dimerization 69 81 90
%1 selectivity%
Dimer vield % 29 47 14

¥1) Initiation time of feeding of olefin containing raw material is made to be starting point.
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After 30 days Conversion Dinerization selectivity% Dinmer yield % of
olefin% 42 69 29 58 81 47 15 90 14

INDUSTRIAL APPLICABILITY

The solid phosphoric acid catalyst according to the present invention can be naturally

applied to the industrial application of the olefin dimerization reaction, and moreover,
the solid phosphoric acid catalyst according to the present invention can be used for the
various reactions of using the acid catalyst such as the olefin hydration reaction and the

alltylation reaction of aromatic compound and the like.
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10- 1000 mass ppm and cont ai ning substantially no olefin into contact

gi th the solid phosphoric acid catal yst according to claim1. step
. cont r oBlA mgthdderediswrigingrch céeﬁretrqnmriasﬁng ihetfalldwing B e@ps i;e(qnentially
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mass ppm alaﬂnlzrl ngi ng the ol efl n raw material into contact with the
solid phosphor cat aI 4. The method for dinerizing the
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: di 13 5:
stationary 5 t X ff’ % 1 ?tltll 1 1z3}100 reactlon v relﬁacmg the ﬁydlrocagbon Wath an

olefin containing raw mater1a1 contammg 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 5-50°C than the

reaction temperature of the olefin dimerization reaction in a stationary state after the

step 3.
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