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The Qrbsent 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
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enbodi ment of the present invention relates to a nethod for
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Initidlly, a catalyst layer is filled with the non-olefin hydrocarbon
and is subjected to replace by feeding of the olefin containing raw
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By usi'ng the solid phosphoric acid catalyst B left in the reactor,
fromthe upper part of the reactor, n-hexane containing 5Cppm of
water is fed at 23g/h (WHSV= 30h-1), and while a part of the effluent
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reaction of 2 moles of the raw material olefin (In case of the olefin mixture raw material,



65mass% water 1,500mass ppm The reaction results are shown in Table
2. Table 1: Catalyst and Reaction Result EXAMPLES 12 3 456 7
Cat al yst weight | oss on heating/P205 (mass% 230.8 230.8 230.2 51.0

the mutual reaction between the different raw material olefin is included.).

According to the present invention, as the olefin, for example, butenes are suitable for
use as the raw material. Among butenes dimers, isooctene is useful for the base
material for high octane value gasoline. Also, high-purity di-iscbutylene is useful
compound for the raw material of functional chemicals as cctylphenol, iso-nonanic acid
and the like. In case of producing butenes dimer, one kind of butenes can be used
independently, and the mixture of several types of butenes in optional proportion can be
used. The composition of butenes 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

—

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
coneentration 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 G4 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 Ca 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 1s to be 1-70mass %, preferably 10-85mass %, and
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(mass ppm) 250 250 250 250 250 250 250 Reaction result After 5 hours
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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 continuous 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 0°C 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. WHSYV 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 inte contact with the solid phosphoric acid catalyst divectly, 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 (mon-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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hydrocarbon, the time duration to start the olefin containing raw material feeding to the
catalyst layer (hereinafter setting time), is generally 1 houy-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 "che olefin dimerization reaction can
be made to be high and the occurrence 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 males higher than the reaction condition in the stationary stats,
then subsequently, after the olefin containing raw material is fed to the catalyst 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 vaw 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.) is immersed into 100m] 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 P20sin 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 amountin
the catalyst is determined to be 85.5mass %. Accordingly, the proportion of P2Qs 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 21.8g/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 (vecycling ratio R/F=4). The dimerization reaction is conducted for 30 days
continuously while the pressure is made as 1.0MPa, and the temperature of the catalyst
layer is made as 80°C. The reaction results are shown in Table 1.

[EXAMPLE 2]

2g of the solid phosphoric acid catalyst A is packed to the tube type stainless steel
reactor (inner diameter 8mm) and from upper part of the reactor, n-hexane containing
50ppm of water is fed at 21.3g/h (WHSV=30h"1), and while a part of the effluent Hquid
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discharged from the lower part of the reactor is made to flow together iI; feed as
recycling (recycling ratio R/F=4), the pressure and temperature are controlled to the
reaction Initiation condition (1.0MPa, 80C). 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 (iscbutylene
30mass%, n-butene 5S5mass%, n-hexane 65mass%, water 250massé 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 stee] 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 solution 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 Pz0s 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 28g/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 80T 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 25C 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 P2Os is determined to be

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

10



X1) Initiation time of feeding of olefin containing raw material is
made 'to be starting point. Table 2: Catal yst and Reaction Result
COVPARATI VE EXAMPLES 1 2 3 Catal yst weight |oss on heating/ P205
(mass% 31.5 230.8 230.8 Water anmount in olefin containing raw

materi a

(rmass ppm 250 0 1500

is 55.0 mass %, and PsOsis 29.8mass%.

The dimerization reaction is conducted as same in EXAMPLE 2 except using the solid
phospharic 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 8mass%, n-bufene
27mass %, n-hexane 6bmass%, water 250mass ppm, and the pressure is made as
2.0MPa, and the temperature of catalyst layer is made as 145C. The reaction resulis
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 145T.
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 isocbutylene 20 mass%, n-butene
3mass %, isopentene 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
phosphorie 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 85mass%)
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 After

40 94 38

D nerization selectivity% D ner yield %

Table 1: Catalyst and Reaction Result

B85mass%, water 1,500mass ppm. The reaction results are shown in Table 2.

5 hours Conversion of olefin%54 82 44 64 93 60

EXAMPLES
] 1 2 3 4 5 6 T
Sj‘;felﬁfn‘;’fgg}(‘;;‘z;fass%) 230.8 | 230.8 | 280.2 | 51.0 | 230.8 | 230.8 | 230.8
Water amount in olefin containing
v material (mase ppa) 950 | 250 | 280 | 250 | 250 | 250 | 25O
Conversion
of olefin % 61 63 88 81 38 41 59
5 hows | Dimerization | o 92 75 85 94 | 92 | o8
% lo selectivity %
Dimer yield % 56 58 66 B89 36 38 55
Reaction
result Conversion
oF olofin % 84 84 a7 83 51 53 78
30 days | Dimerization | g0 | gg | gq 84 92 | 90 | 86
%1 4 selectivity %
Dimer vield % 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) 81.5 280.8 230.8
Water amount in olefin containing
raw material {mass ppm) 250 0 1500
Conversion
of olefin % b4 64 40
5 hours Dimerization g9 03 04
%1 selectivity%
Dimer yield % 44 60 38
Reaction
result Conversion
of olefin % 42 58 15
30 davs Dimerization 59 81 90
%1 4 selectivity%
Dimer yield % 29 47 14

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

12




30 slays After.......... Conversion of ol efin% Dinmerization

selectivity .4 Diner yield %42 69 29 68 .......... 81 47 15 . _
_ 90 14
INDUSTRIATL APPTICABIIATY

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

allylation reaction of aromatic compound and the like.
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made to be starting point. |NDUSTRI AL APPLI CABILITY The solid
phosphoric acid catal yst according to the present invention can be
naturally applied to the industrial application of the olefin

di meri zaty,0n . ti.on, and noreover, the solid phosphoric acid
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hydrati o eactio nd. .t he al kyl ati on reaction of aromatic cqonpound
and the 1&g Serizieganlingompusing e doonns  sioes traprely an
ol efin cosmpp i 8i Bighdife of BYdovhNG 30:8hiaRS SRUSNIA8 Ippin wik@Park containing
bringing a hydrocarbon containing,  10- 1000 mass ppm wat er and

g, ] ppn ‘ .
cont ai ni AYPSERHEHARE rifpyintocogtast Mithiantolid phaspheric arid paklysh| wherein the solid

phosphor beosgékt Gal akbbls MRBHRL N SRSpIRAL! AP AR | ' %St
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phosphor Posaeers #yd hy divéiolsiss supporigben edarder, avhewiy prewatenherteit of #ie solid
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wei ght | 6ss”obtal ne heati1 n utes 1s nmass%
mor e basedlonasa¥dirpios phsd vs apigtogunindes(RP208) (PdOr)idedded framilichshosphoric
phosphoricdacid. step 2: controlling a pressure and a tenperature

to the réaCtion initiation condition of the ol efm dimerization
reaction. stegt2rodtrolling ti@tdsing dnbie @mhpRtfuzaiol tBE rdaea@t indihitiby chRIHiACHMBe
t he hydrocgégon W th an olefin containing raw material containing

10- 1000 HGE8 IBRTHAABIEAHRE bringing the olefin raw material into

contact Wi 8h@its@ink dhdaesphendc racidh GRtalasl. the ZydbgaboR OGS Qkfin
dinerizing the olefin according to claim1l1, wherein the tenperature

in the reXERBH PHiDigEdlponkgRg (0dA0QeEsT BPRgvaie pivebrngipg thej glefin raw

hi gher by fria0fo!dafctPn iRa6k gbﬁgﬁdmemtcu{agyfsef the ol efin

di meri zation reaction in a stat ry state ter the step 3.

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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