SF-2419 1 DESCRIPTION TITLE OF INVENTION PROCESS FOR PRODUCING UNSATURATED
HYDROCARBONS AND DEHYDROGENATION CATALYST USED IN THE PROCESS 5
TECHNIGAEFIELD [0001] The present invention relates to a process for producing an
unsaturated hydrocarbon by contacting a hydrocafbon with 10 a specific dehydrogenation catalyst to
dehydrogenate it into a corresponding unsaturated hydrocarbon, and a dehydrogenation catalyst used
in the production process. BACKGROUND ART 15[0002] Unsaturated hydrocarbons, in particular
olefins and dienes, resulting from the dehydrgeratiohiéfthydrocarbons are useful basic feedstocks in

the petrochemical industry. Exemplary such products are propylene, 1-butene, 2-butene,
TITLE OF INVENTION

PROCESS FOR PRODUCING UNSATURATED HYDRCOCARBONS AND

DEHYDROGENATICN CATALYST USED IN THE PROCESS

TECHNICAL FIELD
[0001]
The present inventicn relates to a process for producing
an unsaturated hydrocarbon by contacting a hydrocarbon with
10  a specific dehydrogenation‘catalyst to dehydrogenate it into
a corresponding unsaturated hydrocarbon, and a dehydrogenation

catalyst used in the production process.

BACKGROUND ART
15 [000C2]

Unsaturated hydrocarbens, in particular olefins and
dienes, resulting froem the dehydrogenation of hydrccarbons are
useful basic feedstocks in the petrochemical industry.
Exemplary such products are propylene, l-butene, 2-butene,

20 isobutene, styrene and butadiene.
(0003}

Propylene is an important industrial material that is

used as a feedstock in the synthesis of, for example,

acrylonitrile, polypropylene, ethylene/propylene rubber,



20 isobutene, styrene and butadiene. [0003] Propylene is an important industrial material that is
used as a feedstock in the synthesis of, for example, acrylonitrile, polypropylene, ethylene/propylene
rubber, SE-2449% propylene oxide, acetone, isopropyl alcohol and octanol. [0004] 1-Butene and
2-butene are feedstocks used in the metathesis redction with ethylene to produce propylene. They 5
are also valuable as intermediates for butadiene which has been increasingly demanded as, for
example, a feedstock for synthetic rubbers for automobile tires. [0005] Butadiene is a representative
meneCO®EBHMiQP@L%é&def acetone, isopropyl alcohol and octanol.

(00041
1-Butene and Z2-butene are feedstocks used in the
metathesis reaction with ethylene to produce propylene. They
5 are also valuable as intermediates foxr butadiene which has been
increasingly demanded as, for example, a feedstecck for
synthetic rubbers for automobile tires.
[0C05]
Butadiene is a representative diene compound. It is used
10 as a feedstock for synthetic rubbers such as SBR (styrene
butadiene rubbers) and NBR {acrylenitrile butadiene rubbers),
ABS (acrylonitrile butadiene styrene) resins and nylon 66.
[0006]
Iscbutene is an unsaturated hydrocarbon that is useful
15 as a material for polyiscbutylene, methacrolein, methyl
methacrylate, methyl tert-butyl ether, ethyl tert-butyl ether,
dibutylhydroxytoluene and dibutylhydroxyanisole.
(00071
Styrene, which i1s producible by the dehydrogenation of
20 ethylbenzene, 1s useful as a feedstock for polystyrene that
is a general resin.
[0008]
Hydrcgen that results from the dehydrogenation reaction

cf hydrocarbons according to the present invention can be



10 as a feedstock for synthetic rubbers such as SBR (styrene butadiene rubbers) and NBR
(acrylonitrile butadiene rubbers), ABS (acrylonitrile butadiene styrene) resins and nylon 66. [0006]
Isobutené is 44 thsaturated hydrocarbon that is useful 15 as a material for polyisobutylene,
methacrolein, methyl methacrylate, methyltert-but?l ether, ethyltert-butylether, dibutylhydroxytoluene
and dibutylhydroxyanisole. [0007] Styrene, which is producible by the dehydrogenation of 20
ethylbenzene, is useful as a feedstock for polystyrene that is a general resin. [0008] Hydrogen that
results frmRE delydrogEndtorfreablicir 6ihyirciBoactordifly T5ihessieséntimfshtion can be
SF-2419 3 directly used as an energy source or as an extremely useful intermediate for the production
of petrochBimfcal Brodiets. f00Dof ProceE8ES Fave PeehietAOIEREE i tRE ProtiRasT BE5 these
useful unsaturated hydrocarbons. As known in the art, hydrocarbons are dehydrogenated in the
presencel 82 Sgecific catalyst into the corresponding unsaturated hydrocarbons (in particular olefins

and/or dienes).
Processes have been established for the producticn of

5 these useful unsaturated hydrocarbons. As known in the art,
hydrocarbons are dehydrogenated in the presence of a specific
catalyst intc the corresponding unzaturated hydrecarbens [(in
particular olefins and/or dienes).

[0010]

10 The known dehydrogenation catalysts include chromium
oxlde-containing catalysts, platinum-tin-containing
catalysts, platinum-zinc-containing catalysts and
iron-ccontaining catalysts. The chromium oxide-containing
catalysts have a very short catalytic life, and chromium is

15 allegedly highly toxic (see, for example, Nonpatent
Literatures 1 te 3).

[00111
The known platinum-tin-based catalysts for the
dehydrogenation processes utilize alumina or ZnAl,0, as a

20  support. However, the short catalytic life regquires freguent
catalyst regeneratiocn, thus complicating the operations (see,
for example, Nonpatent Literatures 3 and 4).

[0012]

Techniques have been reported in which a



[0010] 10The known dehydrogenation catalysts include chromium oxide-containing catalysts,
platinum-tin-containing catalysts, platinum-zinc-containing catalysts and iron-containing catalysts. The
chromiurﬁ%ﬁd@%ontaining catalysts have a very short catalytic life, and chromium is 15 allegedly
highly toxic (see, for example, Nonpatent Literatufes 1 to 3). [0011] The known platinum-tin-based
catalysts for the dehydrogenation processes utilize alumina or ZnAl204 as a 20 support. However, the
short catalytic life requires frequent catalyst regeneration, thus complicating the operations (see, for

examplePNBhpateRE Etetatires™s and 4y 0BE2] Techmgisshdv/e bderfreporietdn Wwiichta SF-2419

4
alkali-free silicalite (see, for example, Patent Literature

1) or on a borosilicate (see, for example, Patent Literatures
2 tec 6). The platinum-zinc-based catalysts are described to
5 have a relatively long catalytic life compared to the chromium
cxide-containing catalysts and the platinum-tin-containing
catalysts.
[0013]
With regard to the iron-containing catalysts, technigues
10 using iron oxide catalysts containing an alkali metal have been
reported (see, for example, Nonpatent Literature 5). However,
such catalyst systems have low activity. Inparticular, severe
reaction conditions have to be adopted when the catalysts are
used for the reaction of hydrocarbons having low reactivity.
15 Further, a borosilicate that has been deboronated is used as
a support of an oxidative dehydrogenation catalyst cr an
oxidation catalvst (see, for example, Patent Literature 7).
[0014]
From the industrial viewpoint, a more efficient process
20 1s desirable. Namely, 1t is desired from the energy
consumpticn standpoint that a catalyst be regenerated as few
Times as possible or require no regeneration. The catalytic
life of the kncwn catalysts is insufficient to afford this.

A continuous catalyst regeneraticn facility is provided to



platinum-zinc-based catalyst is supported on a substantially alkali-free silicalite (see, for example,
Patent Literature 1) or on a borosilicate (see, for example, Patent Literatures 2 to 6). The
pIatinum-%%"chﬂleilsged catalysts are described to have a relatively long catalytic life compared to the
chromium oxide-containing catalysts and the pIatir‘?Um-tin-containing catalysts. [0013] With regard to
the iron-containing catalysts, techniques 10 using iron oxide catalysts containing an alkali metal have
been reported (see, for example, Nonpatent Literature 5). However, such catalyst systems have low
activity. 1 %ﬁ%ﬁl&ﬁ%@@@lﬁ%t%ﬁ TondtorER&e b a55B RReh T ataRER w8 dsed for
the reaction of hydrocarbons having low reactivity. 15Further, a borosilicate that has been
deboron&téd is 8 ak 2 Gioit-atHn bRdafeE BERTrEGenatibrr@tayst ditsh sRidalidPaatalyst
(see, for example, Patent Literature 7). [0014] From the industrial viewpoint, a more efficient process
20is desiFabie NameRA itds e sireddiom thé BRefgisdsHdumiptior stahdpGirtiied eatalystbe
regenerated as few times as possible or require no regeneration. The catalytic life of the known
catalystsi$liRSiHident t-affofd TRis 2A XBRtinOdR ESARREEYEREr&Foh PacHIBNS brovided to SF-2419
5 remedy the problem that the reaction system has to be suspended each time the catalyst is
regeneraféd: However fthelteBBROA SystErhShotifd bera-movimg badsystemmor ecfiuddized hed system

in order that the catalyst to be regenerated can be continuously
such a reaction system involves considerable efforts.

[0015]
There has thus been a need for a process for producing
unsaturated hydrocarbons, in particular olefins and dienes,
10 using acatalyst which cancatalyze a wide range of hydrocarbons
and has high safety and a longer catalytic life to reduce the

regenaration frequency.

Citation List

15 Patent Literatures

[0016]
Patent Literature 1: JP-A-H(02-78439
Patent Literature 2: U.S. Patent Noc. 4433190
Patent Literature 3: U.S5. Patent No. 6197717
20 Patent Literature 4: U.S. Patent No., 6553724

Patent Literature 5: US2002/00046244
Patent Literature 6: U.S. Patent No. 5114565
Patent Literature 7: U.S5. Patent No. 5324702

Nonpatent Literatures



5 collected from the reaction system. Designing a process with such a reaction system involves
considerable efforts. [0015] There has thus been a need for a process for producing unsaturated
hydrocangﬁg,%r]l%articular olefins and dienes, 10 using a catalyst which can catalyze a wide range of
hydrocarbons and has high safety and a longer ca@alytic life to reduce the regeneration frequency.
Citation List 15 Patent Literatures [0016] Patent Literature 1: JP-A-H02-78439 Patent Literature 2: U.S.
Patent No. 4433190 Patent Literature 3: U.S. Patent No. 6197717 20Patent Literature 4: U.S. Patent
No. 6555724 Phtent Literature 5: US2002/0004624A Patent Literature 6: U.S. Patent No. 5114565

Nonpatent Literature 1: Catal. Tcday, 199%, 51, 223,
Nonpatent Literature 2: Canadian Chemical News, 1984, 10,
1924,
5 Nonpatent Literature 3: Kinetics and Catalysis, 20C1, 42,
72.
Nonpatent Literature 4: Petrochemie, 1995, 111, 171.
Nonpatent Literature b5: Handbook of Heterogeneous
Catalysis, Vol. 3, 2151, 1997 {edited by G. Ertl et 2l., VCH,

10 1897).

SUMMARY OF INVENTION
Technical Problem
[0018]

15 It is an object of the invention tc provide a process for
producing an unsaturated hydrocarbon by dehydrogenating a
hydreccarbon into a corresponding unsaturated hydrocarbon with
use ¢f a nontoxic catalyst having a long catalytic 1ife, and
a catalyst that can be suitably used in the production process.

20
Solution to Problem
[0019]

The present inventors carried out studies in order to

achieve the above cbject. They have then developed a catalyst



Patent Literature 7: U.S. Patent No. 5324702 Nonpatent Literatures SF-2419 6 [0017] Nonpatent
Literature 1: Catal. Today, 1999, 51, 223. Nonpatent Literature 2: Canadian Chemical News, 1984, 10,
1924. Noﬁgégeﬁ Piterature 3: Kinetics and Catalysis, 2001, 42, 72. Nonpatent Literature 4:
Petrochemie, 1995, 111, 171. Nonpatent Literaturé 5: Handbook of Heterogeneous Catalysis, Vol. 5,
2151, 1997 (edited by G. Ertl et al., VCH, 101997).

in which zinc and a Group VIIIA metal are supportedon a silicate
obtained by removing at least part of the becron atoms from a
borosilicate. The catalyst has been found to have a markedly
long catalytic life compared to the known dehydrogenation

S catalysts and to afford unsaturated hydrocarbons with a
conversion and a selectivity which are substantially equal to
those c¢f the conventional catalysts. The invention has been
completed based on the findings.
[0020]

10 . An aspect of the invention is directed to a process for
producing unsaturated hydrocarbons which comprises a step of
dehydrogenating a hydrocarbon into a corresponding unsaturated
hydrocarbon by contacting the hydrocarbon with a catalyst A
that 1s obtained by supporting zinc and a Group VIIIA metal

15 on a silicate cobtained by removing at least part of the boron
atoms from a borosilicate.

(00217
In the catalyst A, the residual rate of the boron atoms
in the silicate i1s preferably not more than 80% relative to

20 all the boren atoms in the borosilicate. The amount of the zinc
in the catalyst A is preferably 0.01 to 15% by mass. The amount
of the Group VIITIA metal in the catalyst A is preferably 0.01
to 5% by mass. The borosilicate is preferably a MFI zeolite.

[0022]



SUMMARY OF INVENTION Technical Problem [0018] 15It is an object of the invention to provide a
process for producing an unsaturated hydrocarbon by dehydrogenating a hydrocarbon into a
correspo%ﬁrn%‘;&r%aturated hydrocarbon with use of a nontoxic catalyst having a long catalytic life, and
a catalyst that can be suitably used in the productﬁ)n process. 20 Solution to Problem [0019] The
present inventors carried out studies in order to SF-2419 7 in which zinc and a Group VI IA metal are
supported on a silicate obtained by removing at Ieasé%art of the boron atoms from a borosilicate. The

catalyst has beeR$GiHY ®havé aMarkebRHBng tataiyti fifefdompared 16! thePknowitdedrogenation

nickel, platinum, rhodium, ruthenium and iridium. Of these,
platinum is preferably used.
[0023]

5 Examples of the hydrocarbons as the materials in the
production process according to the invention include
hydrocarbons of 2 To 20 carbon atoms. Fropane, n-butane,
iscbutane, n-butene, isopentane and ethylbenzene are
particularly preferable.

10 [0024]

Preferably, the unsaturated hydrocarbon produced by the
process of the invention is an olefin and/or a diene. Olefins
and dienes are valuable industrial materials.

(0025}

15 In the production precess ©f the invention, the
contacting of the hydrocarbon and the catalyst A is preferably
performed at a reaction temperature of 300 to 800°C, and the
reaction pressure is preferably 0.01 to 1 MPa.

(0029]

20 The contacting of the hydreocarbon and the catalyst A is
preferably performed in the presence of water, and the usage
amount of water is preferably 0.05 to 20 molar times relative
tc the hydroccarbon.

[0027]



5 catalysts and to afford unsaturated hydrocarbons with a conversion and a selectivity which are
substantially equal to those of the conventional catalysts. The invention has been completed based on
the findings: §3020] 10An aspect of the invention is directed to a process for producing unsaturated
hydrocarbons which comprises a step of dehydroaenating a hydrocarbon into a corresponding
unsaturated hydrocarbon by contacting the hydrocarbon with a catalyst A that is obtained by
supporting zinc and a Group VIITA metal 15 on a silicate obtained by removing at least part of the
boron atoms frofEPbGYesEiliERBEPD2ET P the Cafaly<t A, the résifialate 6fth&bdron atoms in
the silicate is preferably not more than 80% relative to 20 all the boron atoms in the borosilicate. The
amount 6Fthé Zifttinfthe @atallyst AS§ preferably 6.0T 8 15070y A28 SPhé amediR bt tHe'Group VIIIA
metal in the catalyst A is preferably 0.01 to 5% by mass. The borosilicate is preferably a MFI zeolite.
[0022] SF221985ateEaripiessmbeGroup VIAAGRERISYAIude pall&tiim Laigkeloplatinum,

rhodium, ruthenium and iridium. Of these, platinum is preferably used. [0023]
supporting zinc and a Group VIIIA metal on a silicate obtained

5 by removing at least part of the boron atoms froma borcsilicate,
and can catalyze the dehydrogenation of & hydrccarbon into a

corresponding unsaturated hydrocarbon.

Advantageous Effects of Invention
10 [0028]

According to the process for producing unsaturated
hydrocarbons of the present invention, & hydrocarbon is
dehydrogenated into a corresponding unsaturated hydrocarbon
with a catalyst which has a long catalytic life to realize

15 infreguent catalyst regeneration and excellent operation
properties., The catalyst of the invention can be suitably used

in the process.

BRIEF DESCRIPTION OF THE DRAWINGS
20 [0029]
FIG. 1 is a diagram that wvisually illustrates the
difference of the catalytic life of catalysts used in Examples
1 and 6 and Comparative Examples 1 and 2.

FIG. 2 is a diagram that visually illustrates the



5Examples of the hydrocarbons as the materials in the production process according to the invention
include hydrocarbons of 2 to 20 carbon atoms. Propane, n-butane, isobutane, n-butene, isopentane
and ethyl%%ﬁ%éﬁ@ are particularly preferable. 10[0024] Preferably, the unsaturated hydrocarbon
produced by the process of the invention is an oléfth and/or a diene. Olefins and dienes are valuable
industrial materials. [0025] 15In the production Process of the invention, the contacting of the
hydrocarbon and the catalyst A is preferably performed at a reaction temperature of 300 to 800C, and
the reactibhigré&&iire s ‘b%f%?&ol9 DT 6% MPa: §6026] ST contattingsst the Hydrdsakson and the
catalyst A is preferably performed in the presence of water, and the usage amount of water is

preferably 0.05 %6 20'mdlaRiRes réfafve th thé hydiocaré, I6627] - SEsa4gel e 3 (water

was present in the reaction system) and Comparative Example

3 (water was present in the reaction sgsystem).

DESCRIPTION CF EMBODIMENTS
[0030]
The catalysts A, the hydrocarbons as productionmaterials,
and the dehydrogenation reaction in the present invention will
10 Dbe sequentially described hereinbelow.
(00317
[Catalysts A]
A catalyst A that is used in the inventive process for
producing unsaturated hydrccarbons {(hereinafter, also
15 referred to as the "production process {0of the invention)'")
is obtained by supporting zinc and a Group VIIIA metal on a
silicate cbtained by removing at least part of the boron atoms
from a borosilicate.
[0032)]
20 (Borosilicates)
The borosilicates used to obtain the catalyst A are not
particularly limited as long as they are silicates containing
a boron atom. The borcsilicates may have a crystalline or

amorphous structure. From the viewpcints of the catalytic



9 Another aspect of the invention is directed to the catalyst A that is used in the inventive process
for producing unsaturated hydrocarbons. The catalyst A is obtained by supporting zinc and a Group
VIIIA metaf oA @dllicate obtained 5 by removing at least part of the boron atoms from a borosilicate,
and can catalyze the dehydrogenation of a hydroédrbon into a corresponding unsaturated
hydrocarbon. Advantageous Effects of Invention 10[0028] According to the process for producing
unsaturated hydrocarbons of the present invention, a hydrocarbon is dehydrogenated into a
correspoRdiig thSatupdted hyaroedrioncith e catalyst ihich Naskelong exahaitlife o realize 15
infrequent catalyst regeneration and excellent operation properties. The catalyst of the invention can
be suitabBPusediih Hia pfstess SBRIEFIBESERIPTION OF THE DRAWINGS 20[0029] FIG. 1is a
diagram that visually illustrates the difference of the catalytic life of catalysts used in Examples 1 and 6
and Comp@Fative Examples 1 and 2. FIG. 2 is a diagram that visually illustrates the

The crystalline berosilicates have a zeclite structure.
3 Examples of the zeolite structures include MFI, BEA, MWW, CON
and FAU. Of these, MFI zeolite {(borosilicate) is preferable
because c¢f easy availability.
[0034]
The aluminum content in the crystalline borosilicate
10 (zeclite) used in the inventiocn is not particularly limited.
However, the silica/alumina ratioc in the borcsilicate is
preferably not less than 100, more preferably not less than
500, particularly preferably not less than 1000, and most
preferably not less than 2000. The ratioc is usually not more
15 than 400000, which is the substantisl limit of analytical
accuracy.
[0035]
An excessively high aluminum content (an excessively
small silica/alumina ratio) in the borosilicate may induce the
20 oligeomerization of the unsaturated hydrocarbon produced in the
inventive process, and the oligomer can accumulate as coke on
the catalyst A to shorten the catalytic life. The advantageous
effects of the invention are fully achieved when the

silica/alumina ratio is 400000 or below.



SF-2419 10 difference of the catalytic life of catalysts used in Example 2 (water was absent from the
reaction system), Example 3 (water was present in the reaction system) and Comparative Example 3
(water was present in the reaction system). 5 DESCRIPTION OF EMBODIMENTS [0030] The
catalysts A, the hydrocarbons as production matekfals, and the dehydrogenation reaction in the
present invention will 10 be sequentially described hereinbelow. [0031] [Catalysts A]

[0C36]

The content of alkali metals and alkaline earth metals
in the crystalline borosilicate (zeolite) used in the invention
is not particularly limited. However, the presence of a large

5 amount of alkali such as potassium in the catalyst A can
adversely affect the dehydrogenation reaction. Thus, it is
desirable that the borosilicate be substantially free of alkali
metals and alkaline earth metals. By the term "substantially
free of" i1s meant that the concentration of alkali metals and

10 that of alkaline earth metals in the borosgsilicate are each not
more than 3CC ppm.
[0037]

The content of the boren atoms in the borosilicate prior

to the removal of at least part of the boron atoms is not
15 particularly limited, but is preferably 100 to 30000 ppm, more

preferably 500 to 10000 ppm, and particularly preferably 1000

te 8000 ppm. As will be described later, the long life of the

catalyst A is probably contributed to by the latﬁice defects

that are formed by the removal of boron atoms. Thus, 1t is
20 necessary that the borosilicate before the boron atom removal

contain a certain amount of boron atoms.

(0038]

The content of the boron atoms may be measured by, for

example, an analytical methed using ICP {(inductively coupled



A catalyst A that is used in the inventive process for producing unsaturated hydrocarbons (hereinafter,
also 15 referred to as the "production process (of the invention)") is obtained by supporting zinc and a
Group Vi metd on a silicate obtained by removing at least part of the boron atoms from a
borosilicate. [0032] 20(Borosilicates) The borb3ilicates used to obtain the catalyst A are not
particularly limited as long as they are silicates containing a boron atom. The borosilicates may have a
crystalline or amorphous structure. From the viewpoints of the catalytic SF-2419 11 reaction efficiency
and the &at@l§ticlife (dyStafiine borosilicates are preferable. [0033] The crystalline borosilicates have a
zeolite structure. 5 Examples of the zeolite structures include MFI, BEA, MWW, CON and FAU. Of
these, MEP2ed te (borosilicate) is preferable because of easy availability. [0034]

The borcsilicates may be easily preduced by known methods
cr may be purchased from catalyst manufacturers.
5 (00401
In the preparaticn of the catalyst A, the borosilicates
may be used singly, or two or more may be used in combination.
00417
(Removal of boron atoms from borosilicate)
10 In the invention, at least part ¢f the boron atoms is
removed from the borcsilicate. The resultant silicate having
a reduced content of boron atoms is used as a suppert of zinc
and a Group VIIIA metal described later.
(00427
15 By removing at least part of the boron atoms from the
borcocsilicate, lattice defects such as atomic vacancies are
formed in the resultant silicate (in which a cerxtaln amount
cf boron atoms usually remain). It i1s considered that the
lattice defects greatly contribute to the improvement in
20 dispersibility of zinc and a Group VIIIA metal in the catalyst
A, leading to a longer catalytic life. 1In detail, there is
probably some interacticn between the lattice defects and the
zinc and the CGroup VIIIA metal. For example, it is probable

that the zinc and the Group VIIIA metal as heteroatoms attach



The aluminum content in the crystalline borosilicate 10(zeolite) used in the invention is not particularly
limited. However, the silica/alumina ratio in the borosilicate is preferably not less than 100, more
preferabfjinotdess than 500, particularly preferably not less than 1000, and most preferably not less
than 2000. The ratio is usually not more 15 than 480000, which is the substantial limit of analytical
accuracy. [0035] An excessively high aluminum content (an excessively small silica/alumina ratio)
in the borosilicate may induce the 20 oligomerization of the unsaturated hydrocarbon produced in the

inventiveSproEess, Bhd the oligontercancictafitfate bs coRe 8h tHE Bataly L RR6 Shortériithe catalytic

life. The advantageous effects of the invention are fully achieved when the silica/alumina ratio is
400000 SrBEeW L SF241 912 [0036] cme ThE Eohtepf offglkalimetdisind alkalise eartft ifetals in the

crystalline borosilicate (zeolite) used in the invention is not particularly limited. However, the presence
of a larggauses for catalyst deactivation 1s suppressed.

[0043]

5 After at least part of the boron atoms are removed from
the boresilicate, the residual rate cof the beoron atoms in the
silicate is preferably nct more than 80%, more preferably not
more than 50%, particularly preferably not more than 30%, and
most preferably not more than 20% relative to all the boren

10 atoms (100% by weight) contained in the borosilicate before
the boron atom removal. Such a residual rate is preferred from
the viewpoint of improving the catalytic life.

[0044]
The residual rate of the boron atoms may be calculated

15 by comparing the content of the boren atoms in the borosilicate
before the beoron atom removal, with the content of the boron
atoms in the silicate after the boreon atom removal. The content
of the boron atoms may be measured by, for example, an analytical
method using ICP,

20 [0045]

To remove at least part of the boron atoms from the
borosilicate, methods may be adeopted such as treating the
borosilicate with an agueous inorganic or organic acid scliution,

and treating the borosilicate with a solution cf an inorganic



5 amount of alkali such as potassium in the catalyst A can adversely affect the dehydrogenation
reaction. Thus, it is desirable that the borosilicate be substantially free of alkali metals and alkaline
earth me%fl§.2§)1 the term "substantially free of" is meant that the concentration of alkali metals and 10
that of alkaline earth metals in the borosilicate aré each not more than 300 ppm. [0037] The
content of the boron atoms in the borosilicate prior to the removal of at least part of the boron atoms is
not 15 particularly limited, but is preferably 100 to 30000 ppm, more preferably 500 to 10000 ppm, and
particulafly prefefibly 1666 tb 8806 ppht 2 will FPddstiibed $4tae thé Tohy ifé & e catalyst A is
probably contributed to by the lattice defects that are formed by the removal of boron atoms. Thus, it is
20 necessaRFth&the BofosificattTetdiathe'borBiatcHi FerRcvallcenalR Bice RdirP&iaiiitof boron

atoms. [0038] The content of the boron atoms may be measured by, SF-2419 13 plasma) (ICP-AES).
[0039] acid solution is preferable in terms of safety and production

costs.
5 [0046]

Examples of the incrganic acids include nitric acid,
sulfuric acid and hydreochloric acid. Examples of the organic
acids include acetic acid and oxalic acid. Examples of the
organic solvents include methanol and ethanol.

10 [0047]

The treatment of the borcsilicate with the solution such
as the acidic agqueous scluticon is usually performed at room
temperature (25°C) to 200°C. To increase the efficiency in
removing the boron atoms, the treatment is preferably carried

15 out at a high temperature. Although raising the treatment
temperature iseffectiveto increase the efficiency in the boron
atom removal, a treatment temperature of 100°C or above involves
the use of an autoclave, which is complicated to operate. Thus,
the treatment 1s preferably performed at less than 100°C.

20 (oc4s]

In detail, the treatment indicates that the boreosilicate
1s scaked in the solution such as the acidic aquecus solutien.
From the viewpeoint of the efficiency in removing the boron atoms,

the concentration of the sclution such as the acidic agueocus



The borosilicates may be easily produced by known methods or may be purchased from catalyst
manufacturers. 5[0040] In the preparation of the catalyst A, the borosilicates may be used singly,
or two orfhore m y be used in combination. [0041%](Removal of boron atoms from borosilicate) 10In
the invention, at least part of the boron atoms is réfoved from the borosilicate. The resultant silicate
having a reduced content of boron atoms is used as a support of zinc and a Group VIIIA metal
described later. [0042] 15By removing at least part of the boron atoms from the borosilicate, lattice
defects stich A6 HEmCVBESTGESErefofmBd ig hé Telultast Sticate GR Svier B icbRAirF 4mdunt of
boron atoms usually remain). It is considered that the lattice defects greatly contribute to the
improverAéntin®26 BispersiBRtEst 2 e 8rd & BRI Benfe B iR 9A€ cafahikt A, 984ding #8ta longer
catalytic life. In detail, there is probably some interaction between the lattice defects and the zinc and

the Group VIRATREAL FBr exarmple, 15 Frob&blddhatiiRe Sme'dnd RS Group VIIIA metal as

heteroatoms attach SF-2419 14
[0049]

5 The treatment time is variable in accordance with the
treatment temperature, the amount of the boron atoms in the
borosilicate, the removal rate and other factors. Usually, the
treatment Time is 1 te 24 hours. In some cases, the
borosilicate may be repeatedly treated with the solution such

10 as the acidic aguecus solution.

(00507

The removal c¢f the boron atoms may be followed by
filtrationandcalcination of the residue to obtain the silicate
as powder that 1s easy te handle. The calcination may be

15 carried out in cone stage or two or more stages.

[0051]

The calcination in one stage may be performed at a heating
temperature of 400 to 600°C for 1 to 10 hours.
[0052]

20 When the calcination is carried cut in two stages, the
first stage is performed at a heating temperature of 80 to 150°C
for 0.5 to 5 hours and the second stage is performed at a heating
temperature of 400 to 600°C for 1 to 10 hours.

[0053]



stably in the lattice defects of the silicate support, and consequently the agglomeration of metals that is
one of the causes for catalyst deactivation is suppressed. [0043] 5After at least part of the boron
atoms aré'refiob&d from the borosilicate, the residual rate of the boron atoms in the silicate is
preferably not more than 80%, more preferably not'more than 50%, particularly preferably not more
than 30%, and most preferably not more than 20% relative to all the boron 10 atoms (100% by weight)
contained in the borosilicate before the boron atom removal. Such a residual rate is preferred from the
viewpoint®f ifiprovirgthe Catatyticie. 56644]) THE r8SBRRThi S tRE bbRASRoME ridy®be calculated
15 by comparing the content of the boron atoms in the borosilicate befaore the boron atom removal,
with the content 8ftRE BER R dtSHEth e LRcaRFarer e BURRHSHTEtRovAS Thelddrdit of the
boron atoms may be measured by, forexample, an analytical method using ICE'. 20[0045] To
remove atlléast parPSithé Hator BtdRE A8 AedorotificdtePirethts Ma§ decaduptéd Slich as
treating the borosilicate with an aqueous inorganic or organic acid solution, and treating the
borosilicteithtA 8olafd? 8t ant fiorGaric SHRo&1gpsd above, resulting in the

5 catalyst A used in the production process c¢f the invention.
[0054]

The "Group VIIIA metal™ is an expression according to the
0old IUPAC system. In the current IUPAC system, the expression
is "Group 8-10 metal". Examples of the Group VIIIA metals

10 include platinum, palladium, ruthenium, iridium, rhodium and
nickel. Of these, the metal supported on the silicate is
preferably platinum in terms of catalytic activity.

[0055]

In the supporting on the silicate, the zinc and the Group

15 VIIIA metal may be used as corresponding metal compounds such
as metal nitrates, metal chlorides and metal complexes. They
may be used o suppcrt zinc and the Group VIIIA metal on the
silicate by a known method such as an ion exchange method or
an impregnation method.

20 [0056]

Exemplary zinc compounds include zinc nitrate, zinc
chloride and zinc acetate. Exemplary Group VIIIA metal
compounds 1include chloroplatinic acid, tetraammine platinum

chloride, tetraammine platinum hydroxide, tetraammine



or organic acid in an organic solvent (other than water). Of these methods, a treatment with an
agueous inorganic or organic acid solution is preferable in terms of safety and production costs.
5[0046] SE-Efadrmples of the inorganic acids include nitric acid, sulfuric acid and hydrochloric acid.
Examples of the organic acids include acetic acid'd@hd oxalic acid. Examples of the organic solvents
include methanol and ethanol. 10[0047] The treatment of the borosilicate with the solution such as
the acidic aqueous solution is usually performed at room temperature (25C) to 200C. To increase the
efficiency irFrefibvihg iHe BorB P8 i€ the HeRthiehEis Prefeibly Lakrrel s st athigh ©
temperature. Although raising the treatment temperature is effective to increase the efficiency
intheboréiFatdm removal, a treatment temperature of 100C or above involves the use of an autoclave,
which is complicated to operate. Thus, the treatment is preferably performed at less than 100C.
20[0048] L 00 31 Wetail, the treatment indicates that the borosilicate is soaked in the solution such as
the acidic aqueous solution. From the viewpoint of the efficiency in removing the boron atoms, the
concentration of fhetsolutioresrchnas thecadidie aquescus CH 241 91¢6 solutior isspreferably®.01 to 15
N (eg/L). The solution such as the acidic aqueous solution may be a single acidic solution or a mixture
ofwﬁ;omnmmjamdmk@mmoﬁsbmoagyethod such as an le¢n exchange methoed or
an impregnation method, the product is calcined. The
calcination may be carried out in one stage or two or more
stages.
[0058]
10 When the calcination is conducted in one stage, the
silicate supporting the zinc and the Group VIIIA metal may be
heated at 400 to 600°C for 1 to 10 hours.
[C0bG]
When the calcination is carried out in two stages, the
15 silicate may be heated in the first stage at 80 to 150°C for
0.5 to 5 hours and in the second stage at 400 to 600°C for 1
to 10 hours.
[0060]
The calcination atmosphere is not particularly limited

20 as long as it does not contain a reducing gas. In a usual

embodiment, the calcination is performed under a stream of air.

The metals may be supported on the silicate in any order

without limitation. 1In an embodiment, the zinc compound may



5The treatment time is variable in accordance with the treatment temperature, the amount of the boron
atoms in the borosilicate, the removal rate and other factors. Usually, the treatment time is 1 to 24
hours. InJomé Edses, the borosilicate may be repeatedly treated with the solution such 10 as the
acidic agueous solution. [0050] The removal ©f the boron atoms may be followed by filtration and
calcination of the residue to obtain the silicate as powder that is easy to handle. The calcination may
be 15 carried out in one stage or two or more stages. [0051] The calcination in one stage may be
performetat & fréathgtEntsePatirreT4bd 20600 36r 116 50 ho Gt 052 DOWRER AR Edlcination is
carried out in two stages, the first stage is performed at a heating temperature of 80 to 150C for 0.5 to

5 hours antPtiersegontistagetis perforPd @t ahémind rtgedtine 6P400°HB660C forT2d 10 hours.

[0053]
onthe silicate. Alternatively, the Group VIIIAmetal compound

may be used first to support the metal on the silicate, and
5 thereafter the zinc compound may be used to support the zinc
on the silicate. Still alternatively, the zinc compound and
the Group VIIIA metal compound may be used simultaneously to
suppert the zinc and the Group VIIIA metal cn the silicate at
the same time.
10 [0062]

The catalyst A foruse in the inventive process is obtained
by the supporting described above. From the viewpoints of the
catalytic life and the catalytic efficiency, the amount of the
supperted zinc is preferably 0.01 to 15% by mass, more

15 preferably 0.05 to 5% by mass, and particularly preferably 0.1
to 3% by mass relative to the mass of the catalyst (A) (100%
by mass).

[0063]

From the viewpoints of the catalytic life and the

20 catalytic efficiency, the amount of the supported Group VIIIA
metal i1s preferably 0.01 tc 5% by mass, more preferably 0.05
to 3% by mass, and particularly preferably 0.1 to 1.5% by mass
relative to the mass of the catalyst (A} (100% by mass).

[0064]



SF-2419 17 (Zinc, Group VIIIA metals, and supporting of these metals) Zinc and a Group VIIIA
metal are supported on the silicate that is obtained by removing at least part of the boron atoms from
the borosflicaté 42 described above, resulting in the 5 catalyst A used in the production process of the
invention. [0054] The "Group VIIIA metal" is dnr expression according to the old IUPAC system. In
the current IUPAC system, the expression is "Group 8-10 metal”. Examples of the Group VIIIA metals
10 include platinum, palladium, ruthenium, iridium, rhodium and nickel. Of these, the metal supported
on the silicate is prETeTAbI pIARTAT I tErm Sicatafy fc- 2V, T555TR Hhe\slibpbriiig 8rf the
silicate, the zinc and the Group 15 VIIIA metal may be used as corresponding metal compounds such

as metal NFAES &l TAIBRES Hht metaPEdmBIBRES. YRS fmsy e 1iad 18 stippoft Zih&@nd the

Group VIIIA metal on the silicate by a known method such as an ion exchange method or an
impregnatfon’riethdd ! S6[B056EXEMplany Zific e8impoitdstinttie Zrt Aitrate: zind'éhlbfide and zinc
acetate. Exemplary Group VIIIA metal compounds include chloroplatinic acid, tetraammine platinum
chloride, ¥étFasinrmeiatiitfd Njdroxidetetranhfmigét 1vity is lowered and

5  Dbyproducts increase. The ratioc 1s usually 0.5 to 50,
preferably 1 to 30, and more preferably 1 to 20,
[0065]
The supported amount in the catalyst A indicates the
propoertion of the weight in terms of the metal atems of the

10 metal compound used in the supporting, relative to the total
weight of the catalyst A. For example, the supported amounts
of the metals (zinc and Group VIIIA metal) iﬁ the catalyst A
may be directly determined by an analytical method using ICP.
[00es]

15 In the present invention, two kinds of the metals, i.e.,
zinc and Group VIIIA metal, are suppcrted on the silicate that
is obtained by removing at least part of the boren atoms from
the borosilicate. Needless to mention, a plurality of the
Group VIIIA metals may be used (supported).

20 [0067]

The catalyst A is loaded into & reactor in the following
manner. The catalyst A obtained by the aforementioned method
is essentially fine powder. The fine powdery catalyst may be

directly locaded into a reacteor. To prevent an increase of



SF-2419 18 platinum nitrate and tetraammine platinum tetrachloroplatinic acid. [0037] After the zinc
and the Group VIIIA metal are supported 5 on the silicate by a method such as an ion exchange
method otfar i’ﬁlrp?regnation method, the product is calcined. The calcination may be carried out in one
stage or two or more stages. [0058] 10When the £alcination is conducted in one stage, the silicate
supporting the zinc and the Group VIIIA metal may be heated at 400 to 600C for 1 to 10 hours. [0059]

When the calcination is carried out in two stages, the 15 silicate may be heated in the first stage at 80
to 150C fF 8T 107 hotifsSand- rthe $eR 0N § StdtfeYat400 REGHIE for Bt iE e, cr may

be shaped as described below. In an embodiment, the powdery
catalyst may be physically mixed with an inert filler such as
silica balls or alumina balls, and the mixture may be loaded
5 into a reactor. In another embodiment, the fine powdery
catalyst may be kneaded together with a sintering agent (a
binder) that deces not alter the catalytic performance, and the
kneaded product may be shaped. Silica-based sintering agents
may be typlically used. Further, the sintering agents may be

10 selected from alumina-based agents, titania-based agents,
zlrconia-based agents and diatomaceous earth-based agents.
[0068]

The sintering is preferably performed at a temperature
in the range of 500 to B0C°C. Exemplary catalyst shapes are

15 tablets, extrudates, pellets, spheres, microspheres, CDS
extrudates, trilcbes, quadlobes, rings, two-spoke rings,
special spoke rings such as HGS, EW and LDP, rib rings and
granules.

[COES]

20 In the shaping step, the binder content is controlled and
a number of shaping auxiliaries such as thickening agents,
surfactants, humectants, plasticizers and binder materials are
used te ensure that the catalyst A can be shaped without

deteriorations of the properties and the catalytic performance



[0060] The calcination atmosphere is not particularly limited 20 as long as it does not contain a
reducing gas. In a usual embodiment, the calcination is performed under a stream of air. [0061] The
metals may¥etddpported on the silicate in any order SF-2419 19 be used first to support the zinc on
the silicate, and thereafter the Group VIIIA metal é6mpound may be used to support the metal on the
silicate. Alternatively, the GroupVIllIAmetal compound may be used first to support the metal on the
silicate, and 5 thereafter the zinc compound may be used to support the zinc on the silicate. Still

alternativiely, #hezink TBRTotAG ahd e Broug VIIRA A BRPBOUABRREBElSed Siffultaneously to

support the zinc and the Group VIIIA metal on the silicate at the same time. 10[0062] The catalyst
A for useSihaiRd Fivehfife picta’s K etameday te SppORINGIdESEribéd 8o From the&iewpoints
of the catalytic life and the catalytic efficiency, the amount of the supported zinc is preferably 0.01 to
15% by mass: hyere p3 prefetabBr0050 B Intass AA¢ particalaryipieieralshy 011t0:3% by mass
relative to the mass of the catalyst (A) (100% by mass).
of these substances. For example, the steps may be carried out
5 in the seguence such that the borosilicate powder is shaped,
boron atoms are then removed and thereafter the metals are
supperted, in the sequence such that borcn atoms are removed
from the borosilicate, the silicate is then shaped and
thereafter the metals are supported, in the sequence such that
10 boron atoms ares removed from the borosilicate, the metals are
then suppcrted and thereafter the catalyst is shaped, or in
the sequence such that boron atoms are removed from the
borosilicate, zinc 1s then supported, the silicate is shaped
and thereafter the Group VIIIA metal is supported.
15 (0070]
[Hydrocarbons]
In the process for preoducing unsaturated hydrocarbons
according te the invention, a hydrocarbon that corresponds to
the target unsaturated hydrocarbon is used as a material. That
20 is, the hydrocarbon used in the process is one that is given
by hypothetically hydrogenating the double bond in the target
unsaturated hydrocarbon. The hydrocarbons used 1n the

invention usually have 2 to 20 carkcon atoms.

(00711



[0063] From the viewpoints of the catalytic life and the 20 catalytic efficiency, the amount of the
supported Group VIIIA metal is preferably 0.01 to 5% by mass, more preferably 0.05 to 3% by mass,
and parti€dlany preferably 0.1 to 1.5% by mass relative to the mass of the catalyst (A) (100% by
mass). [0064] SF-2419 20 The metal molar o of the zinc to the Group VIIIA metal (Zn/Group
VIIIA metal) is preferably not less than 0.5. If the ratio is less than 0.5, the catalytic life is short. If the
ratio is excessively high, the activity is lowered and 5 byproducts increase. The ratio is usually 0.5 to
SO, preferably 1 %680 Sl mbra preferably Ire20° f0065¢ hyThe sapperted ameumnidh the catalyst
A indicates the proportion of the weight in terms of the metal atoms of the 10 metal compound used in
the suppBRiAg Letatve 1o thététabweigtdfahe catalpstAhFoirecaniie thessupportetcdrmdunts of the
metals (zinc and Group VIIIA metal) in the catalyst A may be directly determined by an analytical
method UsHAFICR (00663 151N the present invertion] srfokinds:ef thexmetalsyidxpcarbons

include ethane, propane, n-butane, n-butene, n-pentane,

5 n-pentene, n-hexane, n-hexene, n-heptane, n-~heptene,
ethylbenzene and cumene. Examples of the branched
hydrocarbons include isobutane, isobutene, isopentane,
isopentene, 2-methylpentane, Z2-methylpentene,
3-methylpentane and 2,2-dimethylbutane.

10 (00721

Of the above hydrocarbons, propane, n-butane, n-butene,

isobutane, isopentane and ethylbenzene are particularly
preferable because the dehydrogenation of these hydrocarbons
gives industrially useful unsaturated hydrocarbons having a

15 double bond. Main dehydrogenation products are propylene from
propane, l-butene, Z-butene and iscbutene from n-butane,
butadiene from n-butene, isobutene from iscbutane, isoprene
from isopentane, and styrene from ethylbenzene.
60731

20 Examples of the materials that have the above components
include a fraction containing butane that results from the
separation of butadiene and butene froma C4 fraction withdrawn
from a naphtha thermal cracking furnace or a naphtha catalytic

cracking furnace; a fraction containing butane and butene that



zinc and Group VIIIA metal, are supported on the silicate that is obtained by removing at least part of
the boron atoms from the borosilicate. Needless to mention, a plurality of the Group VIIIA metals may
be used Euppbdited). 20[0067] The catalyst A is loaded into a reactor in the following manner. The
catalyst A obtained by the aforementioned method4s essentially fine powder. The fine powdery
catalyst may be directly loaded into a reactor. To prevent an increase of SF-2419 21 pressure loss,
the catalyst may be loaded as a mixture or may be shaped as described below. In an embodiment, the
powdery eafhist indytiseiphysicalBonixet With &t inewtfllél sach 4 sifica bafls draluhiina balls, and
the mixture may be loaded 5 into a reactor. In another embodiment, the fine powdery catalyst may be
kneaded&ogether with & sintering agemsa hinder) et doesinot alter te chtalptipperfdrmance, and
the kneaded product may be shaped. Silica-based sintering agents may be typically used. Further, the
sintering@fentsanaybe 18selected from alimtina-based dgents,ititaniadraded afeatstzirconia-based
agents and diatomaceous earth-based agents. [0068] The sintering is preferably performed at a
temperatocer inathe range ©f 5660 t0:800C cExemplary catalystshapeSrare 15 tabletsy extrudates,
pellets, spheres, microspheres, CDS extrudates, trilobes, guadlobes, rings, two-spoke rings, special
spoke rings such@asH6S; EWW anddDE rrlkrdigsand Pranuteso f@06dat are returned
to a naphtha cracking furnace and reused ag materials, or
fractions that are used as fuels may be used as the hydrocarbken
materials. TFurther, LPG (liquefied petroleum gas) that is
easily available as fuel may be used as the hydrocarbon
10 materiazal.
[0074]
The above-described materials may be used singly or may
be mixed in appreopriate amounts. The materials are not limited
te those described above, and may cecntain other compenents
13 (impurities) as long as they have C,.zp hydrocarbons and the
presence of impurities does noct destroy the advantagecus
effects ¢f the inventicn. Examples of such other components
include hydrogen, carbon monoxide, carbon dioxide, methane and
dienes.
20 [0075]
When the material used in the invention contains a
plurality of C;-;¢ hydrocarbons, part of the hydrocarbons may

be separated by a known separation method and used in the

reaction, or thematerial may be usedas it is without separation



20In the shaping step, the binder content is controlled and a number of shaping auxiliaries such as
thickening agents, surfactants, humectants, plasticizers and binder materials are used to ensure that
the catal%%é&r? be shaped without deteriorations of the properties and the catalytic performance
SF-2419 22 of the shaped catalyst A. In a preferréé embodiment, the shaping step is performed at an
appropriate stage during the catalyst production steps with consideration of the reactivity of these
substances. For example, the steps may be carried out 5 in the sequence such that the borosilicate
powder i§8Rafetf bOfdh ShREHIR thé rém A BdanFihefeafer ﬁﬁeﬁﬁéfhl?&re@u%@rt@&,ym the
sequence such that boron atoms are removed from the borosilicate, the silicate is then shaped and
thereafteP the>MRES AR UppOrtBH 5in 1HE SeGieitt stlR it A bREFRfohiSEre reifoved from the
borosilicate, the metals are then supported and thereafter the catalyst is shaped, or in the sequence
such thaf5G1BR afoms aré *émoed froRtite biiastitate zihe i§ tRérk sigiforfdd, RE Bifiedte is shaped
and thereafter the Group VIIIA metal is supported. 15[0070] [Hydrocarbons] In the process for
producin§ TRgatFsed Rfdrot aibiohd Bt cordintttddhé hveRfort atRikddarb i fia® B6mesponds to the

target unsaturated hydrocarbon is used as a material. That
5 n-butane or iscbutane may be separated by distillation

purification and used as the material, or the gas may be used
directly without separation and the dehydrogenation product
such as olefin or diene may be separated after the
dehydrogenation.

10 [607¢]
[Dehydrogenation reaction]

The hydrocarbon described above is brought into contact
with the catalyst A. The contact induces a dehydrogenatiocon
reaction of the hydrocarbon which forms a doubkle bond between

15 the dehydrogenated carben ateoms, resulting in an unsaturated
hydrocarbon corresponding to the hydrocarbon.
[C077]

Since the hydrocarbon is a reducing substance, the

contact ¢f the hydrocarbon with the catalyst A results in

20 reduction of at least part of the metals (zinc and Group VIIIA
metal) in the catalyst A. The reduced zinc and Group VIIIA
metal form an alloy which is considered to have high catalytic
perfcrmance in the dehydrogenation reaction.

(00781



20 is, the hydrocarbon used in the process is one that is given by hypothetically hydrogenating the
double bond in the target unsaturated hydrocarbon. The hydrocarbons used in the invention usually
have 2 to>20 €4rbon atoms. [0071] SF-2419 23 The skeleton structures of the hydrocarbons are
not particularly limited, and any linear hydrocarbo%@ and branched hydrocarbons maybe used.
Examples of the linear hydrocarbons include ethane, propane, n-butane, n-butene, n-pentane, 5
n-pentene, n-hexane, n-hexene, n-heptane, n-heptene, ethylbenzene and cumene. Examples of the
branched hydrocafbtis ikQEdE Koblitahe, fsobiteriRe isopBhtaRé Ndspentene 2 Afrsthyaperttane,
2-methylpentene, 3-methylpentane and 2,2-dimethylbutane. 10[0072] Of the above hydrocarbons,
propane Ai-Batafe FABten®;! isdbatahedisbpentafie and ey lisehzeHE B partiealasly prafarable

because the dehydrogenation of these hydrocarbons gives industrially useful unsaturated
hymocmﬁgﬂ§ﬁéﬁﬁ§§foreusedjjlthedehydrogenationcﬁfthehydrocarbon.

The reducing gas may be used without diluticn or may be
5 appropriately dilutedwith a diluent such as water or nitrogen.
[0C79}

The catalyst A may catalyze the hydrocarbon
dehydrogenation without such a pretreatment as described above.
However, carrying out a pretreatment with a reducing gas such

10  as hydrogen or carbon monoxide is effective in order to shorten
the induction period (in which there are very few metals that
have been reduced and activated, i.e., the activity of the
catalyst A is still low) at an initial stage of the reaction.
[6080]

15 From the viewpoint of the reaction efficiency, the
temperature for the contact of the hydrocarbon and the catalyst
A, namely the dehydrogenation temperature, is preferably 300
to 80C°C, more preferably 400 to 700°C, particularly preferably
450 to 650°C, and most preferably 480 to 620°C. Since the

20 production process of the invention is carried out at this
relatively high temperature, the dehydrogenation reaction
takes place in a gas phase.

[0081]

If the reaction temperature is low, the equilibrium



15 double bond. Main dehydrogenation products are propylene from propane, 1-butene, 2-butene and
isobutene from n-butane, butadiene from n-butene, isobutene from isobutane, isoprene from
isopentaﬁg,"gﬁdlgtyrene from ethylbenzene. [0073] 20Examples of the materials that have the above
components include a fraction containing butane $at results from the separation of butadiene and
butene from a 04 fraction withdrawn from a naphtha thermal cracking furnace or a naphtha catalytic
cracking furnace; a fraction containing butane and butene that SF-2419 24 results from the separation
of butadigRE dhvTa 0% frctibRSa FIEGTONCONtaRing HentameREE R sGRSrEMdng SBparatidn of
isoprene and pentene from a C5 fraction; and a fraction containing pentane and pentene that results
from the SBFaratidf B GtasSistend bR B5 TractiBn CBfRaCcRENL that BFESretred td @ faptitha cracking
furnace and reused as materials, or fractions that are used as fuels maybe used as the hydrocarbon
material S FRHER SIPE FHGUSTEA pePaetmYgad) SRS asikavdiiabrasstel Aty & 456d as the
hydrocarbon 10 material. [0074] The above-described materials may be used singly or may be

mixed in Eppfopiiate Bmburits e fmatéifis afe Aot FMREP-thbsE Eesérib&d abslie andtmay

contain other components
5 A.

[0082]
From the viewpocint of the reacticn efficiency, the
reaction pressure in the dehydrogenation is preferab}y .01
to 1 MPa, more preferably 0.05 to 0.8 MPa, and particularly
16 preferably 0.1 to 0.5 MPa.
00831 |
Because the productiocon process of the inventlion is
usually carried out in a gas phase, the dehydrogenation reaction
is preferably performed in a continuous reactor. In such a case,
15 1t is simple and appropriate to express the usage amount of
the catalyst A with the weight hourly space velocity (WHSV).
Here, the feed rate of the hydrocarbon relative to the catalyst
A 1s not particularly limited. However, the feed rate is
preferably such that WHSV (the feed amount of the hydrocarbon
20  per unit amount of the catalyst A and per unit time) is in the
range of 0.01 to 50 h™', and more preferably 0.1 to 20 h7!,
[0084]
Further preferred usags amounts of the hydrocarbon and

the catalyst A may be determined appropriately in accordance



15(impurities) as long as they have 02-20 hydrocarbons and the presence of impurities does not
destroy the advantageous effects of the invention. Examples of such other components include
hydrogerﬁ%‘é@ﬁér? monoxide, carbon dioxide, methane and dienes. 20[0075] When the material
used in the invention contains a plurality of 02-204?5/dr0carbons, part of the hydrocarbons may be
separated by a known separation method and used in the reaction, or the material maybe used as it is
without separation SF-2419 25 and the dehydrogenation product such as olefin or diene may be
separatedand puiiffied AREF HEGEH BidyRnafidk ot BXAmpRY irfthe &%é Whke LPE Whkh is a
mixture of propane, n-butane and isobutane is used as the material, propane, 5 n-butane or isobutane
may be sepafated bydistilfatinistfificatiih amd thed aRtHe Fistérialaor the gasrmas Bectded directly
without separation and the dehydrogenation product such as olefin or diene may be separated after
the dehydfogenatiéh: 1D[E0%6} fDehydrogenation reaction] The hydrocarbon described above is
brought into contact with the catalyst A. The contact induces a dehydrogenation reaction of the
hydrocarbBf #hich forms a double bond between 15 the dehydrogenated carbon atoms, resulting in

an unsaturated hydrocarbon corresponding to the hydrocarbon.
5 In the process for producing unsaturated hydrocarbons

accerding to the invention, the reaction may be carried out
in the presence of components other than the hydrocarbon and
the catalyst A while still achieving the object and the
advantagecus effects of the invention. Preferred examples of
10 such components include water, methane, hydrogen and oxides
such as carbon dioxides, with water being particularly
preferable.
[008¢]
The inventors have found that the presence ¢f water in
15 the dehydrogenation reacticn drastically improves the
catalytic life. This 1s probably because water is effective
in lowering the rate of cocking on the catalyst A and in
suppressing the volatilization of zinc from the catalyst A.
[0087]
20 The amount of water that is present in the dehydrogenation
reaction is preferably 0.05 to 20 molar times, more preferably
0.3 to 10 molar times, and particularly preferably 0.5 to 5
molar times relative to the hydrocarbon as the material

(water/hydrocarbon). If water 1s present in an excessively



[0077] Since the hydrocarbon is a reducing substance, the contact of the hydrocarbon with the
catalyst A results in 20 reduction of at least part of the metals (zinc and Group VIIIA metal) in the
catalyst A etreduced zinc and Group VIIIA metal form an alloy which is considered to have high
catalytic performance in the dehydrogenation readtion. [0078] SF-2419 26 Thus, the catalyst A
may be preliminarily reduced by a pretreatment with a reducing gas such as hydrogen or carbon
monoxide before used in the dehydrogenation of the hydrocarbon. The reducing gas may be used
without diiGtfonC6r AP BB S appYophiateR difitéd fith ZedifeRP SFeheasiwater Or Mftrageht [0079]
The catalyst A may catalyze the hydrocarbon dehydrogenation without such a pretreatment as
describe®ab&ve F@F&/ﬁﬁséérr@ir?gr@utf&)ﬁreﬁéﬁtiﬁéfﬁ@vith%)%‘éliﬁ@ihlg gasssaeh 10asinydrogen or
carbon monoxide is effective in order to shorten the induction period (in which there are very few
metals thaFRa&ve Féerrreduced ahd ActivaRd 1inal, thatetivily ofathe etapy/ss Avs still load) @t an initial
stage of the reaction. [0080] 15From the viewpoint of the reaction efficiency, the temperature for the
contact o} IHEVdré&R b6 aAd thé eatAfatA eridmel} the tehyilrdgeration termperahure &is preferably
300 to 800C, more preferably 400 to 700C, particularly preferably 450 to 650C, and most preferably
480 0 6202 Siricgthef ficiency may be lowered.

(0088}

Methane can ke used as a reaction diluent to produce the
same effect as if the pressure in the reaction system is reduced,
and consequently the eguilibrium conversion can be improved

10 at times. Hydrogen and carbon dioxide can extend the life of
the catalyst A at times.

[0089]

The reactor type used in the process for producing
unsaturated hydrocarbons according to the invention is not

15 particularly limited and may be a known type. For example,
reactor types such as fixed bed, moving bed and fluidized bed
may be adopted. A fixed bed reaction system is particularly
preferable because of easy process design.

[0090]

20 Frem the viewpeint of industrial usefulness, the
unsaturated hydrocarbons manufactured by the process of the
invention are preferably olefins (unsaturated hydrocarbons
having a single double bond in the molecule) and dienes

(unsaturated hydrocarbons having two double bonds in the



20 production process of the invention is carried out at this relatively high temperature, the
dehydrogseEnzﬁlggieaction takes place in a gas phase. [0081] If the reaction temperature is low, the
equilibrium 19 27 conversion of the hydro %é on is decreased and the yield of the unsaturated
hydrocarbon in one path tends to be lowered. Anexcessively high reaction temperature increases the
coking rate and thus tends to result in a short life of the catalyst 5A. [0082] From the viewpoint of
the reaction eff|C| ncy, th% a}tctlon pregsure |n C?/dro enatlon |s§ref rab 0.01 to 1 MPa, more
preferabp%l(?g %‘(1) o MP3a, and pal"[ICU arlyp ﬁfpreuf%rajb 8%e§ MP; nveé]etc]aﬁge the

production process of hi invention is usugg carried out in a hase the 9ehydrogenat|on reaction

is preferdbly pértorméd in'a coftiitious teattorHAS 8??5%%3 P15 ana /oY G 2dnss

[0081]
Particularly preferred compounds that are manufactured
5 by the process of the invention are propylene, l-butene,
Z-butene, isobutene, butadiene, iscprene and styrene produced
from propane, n-butane, isbbutane, n-butene, Isopentane and
ethylbenzene. Butadiene and isoprene may be manufactured
simultaneously from butane and isopentane, and such production
10 of dienes is alsc within the scope of the preducticn process
of the invention. As described hereinabove, these compounds
are useful materials in the industry.
[0092]
As discussed above, the catalyst A used in the production
15 process of the inventicn has a longer catalytic life than known
- dehydrogenation catalysts. The catalytic life can be further
drastically extended by allowing water to be present in the
reaction system. The process of the invention involves the
catalyst which requires infrequent catalyst regeneration and
20 has excellent operation properties. Thus, the process of the
inventiocon realizes productioﬁ of olefins and/or dienes at the
industrial level.
(00931}

[Purification step]



15 it is simple and appropriate to express the usage amount of the catalyst A with the weight hourly
space velocity (WHSV). Here, the feed rate of the hydrocarbon relative to the catalyst A is not
particulaWﬁ fted. However, the feed rate is preferably such that WHSV (the feed amount of the
hydrocarbon 20 per unit amount of the catalyst A3hd per unitme) is in the range of 0.01 to 50 h-1, and
more preferably 0.1 to 20 h-1. [0084] Further preferred usage amounts of the hydrocarbon and
SF-2419 28 with the dehydrogenation temperature or the activity of the catalyst A. The reaction in the
invention may be' Garn&d baFWith Such Snittnts: F606%} ST the$i6céss fof Bradiciytir¥aturated
hydrocarbons accordin%to the invention, the reaction may be carried out in the presence of

componért§ ofie? Hinthe Mdfocaohandtheicataystrcvifite SHiFaGTevitd tieisiiéctand the

advantageous effects of the invention. Preferred examples of
the reactor exit often contain hydrogen, the startingmaterials,

the byproducts, water and the components described hereinabove.
5 That is, the products often contain hydrogen formed in the
reaction, paraffins (such as ethane and propane) and olefins
{such as ethylene and propylene) that have come to have a shorter
carbon chain after the reaction, unreacted hydrocarbons, and
impurities contained in the catalyst A or the hydroccarbon

10 materials. The products may be purified by known methods.

EXAMPLES
00941
The present invention will be described in detail by

15 presenting examples hereinbelow without limiting the scope of

the invention.

[0095]

{(Synthetic Example 1) Preparaticn of partially deboronated

{i.e., part of boron atoms being removed) silicate (zeolite)
20 A glass flask equipped with a condenser tube was charged

with 9.23 ¢ of MFI borosilicate containing 3200 ppm of boron

atoms which had been prepared by the methed described later

in Synthetic Example 11. Thereafter, 900 ml of a 3 N agueous

nitric acidsolution was added to the flask, and the temperature



10 such components include water, methane, hydrogen and oxides such as carbon dioxides, with
water being particularly preferable. [0086] The inventors have found that the presence of water in 15
the dehyél%‘g%ﬁéﬁon reaction drastically improves the catalytic life. This is probably because water is
effective in lowering the rate of coking on the catalyst A and in suppressing the volatilization of zinc
from the catalyst A. [0087] 20The amount of water that is present in the dehydrogenation reaction is
preferably 0.05 to 20 molar times, more preferably 0.3 to 10 molar times, and particularly preferably
0.5 to 5 MBRrifESEafive 16 the hydrot &tBER a8 THe atehd watkr/ hyiFS&arFboRT. 1 ekar is present
in an excessively SF-2419 29 scarce amount, the effects such as suppressed rate of coking on the
catalyst & afe Hét &dhievedCpodsisly Festftinbn avstoricatdiptienife. Adding Waterin an excessively

large amount decreases the heat efficiency, and the energy-based reaction efficiency may be lowered.
[0088] Thereafter, the slurry liquid was cooled and filtered through

a membrane filter (0.5 pm). The residue was washed with 300
5 ml of distilled water.
[60%6]

The residue was subjected to ancther cycle of the above
treatments (the addition of the aqueous nitric acid sclution,
the reacticn under water reflux, the cooling, the filtration,

10  and the washing of the residue with distilled water). The
residue was calcined in air at 120°C for 4 hours and at 540°C
for 6 hours. Thus, 8.7 g of partially deboronated silicate
{zeolite) was obtained.

F0087]

15 The amount of the boron atoms in the silicate powder was
determined to be 260 ppm by ICP-AES {(residual rate of the boron
atcms: approximately 8%).

(60981
{(Synthetic Example 2) Preparation of zinc-supported silicate

20 {zeolite)

An aqueous solution weighing 0.33 g that contained 0.0810
g (0.272 mmol) of zinc nitrate hexahydrate was added to 1 g
of the silicate obtained in Synthetic Example 1. The zinc ions

were allowed to impregnate the silicate by the incipient wetness



Methane can be used as a reaction diluent to produce the same effect as if the pressure in the
reaction system is reduced, and consequently the equilibrium conversion can be improved 10 at times.
Hydrogeﬁ Nt Tatbon dioxide can extend the life of the catalyst A at times. [0089] The reactor
type used in the process for producing unsaturat§d3hydrocarbons according to the invention is not 15
particularly limited and may be a known type. For example, reactor types such as fixed bed, moving
bed and fluidized bed may be adopted. A fixed bed reaction system is particularly preferable because
of easy &8&&%%esign. [0090] 20From the viewpoint of industrial usefulness, the unsaturated
hydrocarbons manufactured by the process of the invention are preferably olefins (unsaturated
hydrocarl%glqg Réving a single double bond in the molecule) and dienes (unsaturated hydrocarbons
having two double bonds in the SF-2419 30 molecule). That is, the production process of the

invention is preférabi§a proEeSafR pRsdutihg bIefite difttdt diéies. fdpo1powder was

sufficiently agitated and was calcined in air at 120°C for 3
5 hours and at 500°C for 4 hours. Thus, zinc-supported silicate

wag prepared.

[0100]

(Synthetic Example 3) Preparation of platinum~ and

zinc-supported silicate (catalyst 1)

10 An aqueous solution weighing 0.33 ¢ that contained
0.00846 g {0.0164 mmol) cf chloroplatinic acid hexahydrate was
added to 1 g of the zinc-supported silicate obtained in
Synthetic Example 2. The platinum ions were allowed to
impregnate the silicate by the inciplent wetness method.

15 [0101]

After impregnated with the solution, the powder was
sufficiently agitated and was calcined in air at 120°C for 3
hours and at 500°C for 4 hours. Thus, platinum- and
zinc-suppoerted silicate (catalyst 1) was prepared.

20 [0102]

The (suppocrted) amount of platinum and the {supported)
amount ¢f zinc in the catalyst 1 were determined by ICP-AES
to be 0.32% by mass and 1.78% by mass, respectively.

[6103]



Particularly preferred compounds that are manufactured 5 by the process of the invention are

propylene, 1-butene, 2-butene, isobutene, butadiene, isoprene and styrene produced from propane,

n-butane® fsobtitahe, n-butene, isopentane and ethylbenzene. Butadiene and isoprene may be

manufactured simultaneously from butane and isq entane, and such production 10 of dienes is also
within the scope of the production process of the invention. As described hereinabove, these
compounds are useful materials in the industry. [0092] As discussed above, the catalyst A used in the
productidf 15r68ess e mvention hagpasRdertataticdaie Han¥dowsrdehydrogenation
catalysts. The catalytic life can be further drastically extended by allowing water to be present in the
reaction $yStEmSFRE Proceds BP iitSinvertidhsnvidhadsithE htafyst which requires infrequent catalyst
regeneration and 20 has excellent operation properties. Thus, the process of the invention realizes
production of olefirs SAd/6PHRAES At HetRddstriadddel “PEOFPEAMRHOM Btepf SE2RE 31 In
performing the production process of the invention, the products, preferably olefins and/or dienes,
obtained it #iefeat for BXit Dfeh tohtan RydiBget the stififPihatetrls, Hebyradics, water and

the components described hereinabove.
5 deboronated silicate (zeclite) was replaced by borogilicate

without the boron removal, namely, MFI borosilicate containing
3200 ppm of boron atoms which had been prepared by the method
described later in Synthetic Example 11.

[0104]

10 Platinum- and zinc-supported borosilicate (catalyst 2)
was prepared in the same manner as in Synthetic Example 3, except
that the zinc-supported silicate obtained in Synthetic Example
2 was replaced by the zinc-supported borosilicate obtained
above.

15 [0105]

The (supported) aﬁount of platinum and the {supported)
amcunt of zinc in the borosilicate catalyst 2 were determined
by ICP-AES to be 0.32% by mass and 1.78% by mass, respectively.
[0106]

20 (Synthetic Example 5) Preparation of zinc-supported silicate
(zeolite)

An aquecus scolution weighing 0.33 g that contained 0.0281
g (0.0878 mmol) of zinc nitrate hexahydrate was added to 1 g

cf the partially deboronated silicate cbtained in Synthetic



5 That is, the products often contain hydrogen formed in the reaction, paraffins (such as ethane and
propane)S%n_%glf ins (such as ethylene and propylene) that have come to have a shorter carbon chain
after the reaction, unreacted hydrocarbons, and ig}gurities contained in the catalyst A or the
hydrocarbon 10 materials. The products may be purified by known methods. EXAMPLES [0094]

The present invention will be described in detail by 15 presenting examples hereinbelow without

limiting t ofthe inventign. [009 Y. ic mple 1), Preparation of partially deboronated

(i.e., parto %?% oneatbfns %\éiﬁg%érrﬁugvé?)n gic{}a%:ag%ze%ﬁ% ‘g dA B%sg%gl?gaﬁgge \l}vﬁh a condenser

%eadtwit 9.2E3n% of MFI borosgicate containin% 3%%% ppm of boron atoms which had been
e 11,

tUbewaSClrEir e inciplileng wethess met
preparedsby the method described 1ater in yntﬁefllc Exampl Thereafter, 900 ml of a 3 N aqueous

nitric aciﬂ[ 89'6‘9?1” was added to the flask, and the temperature SF-2419 32 was raised to 100C while
performing Stirring. After the water reflux started, the reaction was performed for 18 hours. Thereatfter,

the siury iquid was cooled and fitered trough a membrape fiter (0% 14m), The tesidue was washed

5 sufficiently agitated and was calcined in air at 120°C for 3
hours and at 500°C for 4 hours. Thus, zinc-supported zeclite
was prepared.

[0108]
(Synthetic Example 6) Preparation of platinum- and
10 zinc—-supported silicate {catalyst 3)

Platinum- and zinc-supported silicate (catalyst 3) was
prepared in the same manner as in Synthetic Example 3, except
that the zinc-supported silicate obtained in Synthetic Example
2 was replaced by the zinc-supported zeclite obtained in

15 Synthetic Example 5.
[0109]

The (supported) amcunt of platinum and the (supported)
amount of zinc in the catalyst 3 were determined by ICP-AES
tc be 0.32% by mass and 0.64% by mass, respectively.

20 [0110]
(Synthetic Example 7) Preparation of platinum- and
zinc-supported MFI silicalite (catalyst 4)
Zinc-supported MFI silicalite was prepared in the same

manner as in Synthetic Example 2, except that the partially



5 ml of distilled water. [0096] The residue was subjected to another cycle of the above treatments
(the addition of the aqueous nitric acid solution, the reaction under water reflux, the cooling, the
filtration, 10zt the washing of the residue with distilled water). The residue was calcined in air at
120C for 4 hours and at 540C for 6 hours. Thus, 8% g of partially deboronated silicate (zeolite) was
obtained. [0097] 15The amount of the boron atoms in the silicate powder was determined to be 260
ppm by ICP-AES (residual rate of the boron atoms: approximately 8%). [0098]  (Synthetic Example
2) PrepafsitiBR oP2mEStppbrbd sititate 20&ebRe) Wa s Afhqusotd SoluiBr weidhing bi3ag that
contained 0.0810 g (0.272 mmol) of zinc nitrate hexahydrate was added to 1 g of the silicate obtained
in SynthetitiExsfiple 1uTHE 2inkdsAswere GfiGWEd t& inpregrate the silicaromtnériscipient wetness
SF-2419 33

boron atoms.

(01111

5 Platinum- and zinc-supported MFI silicalite (catalyst 4)
waSpreparede1thesamenannere&sinSyntheticExamplelB,except
that the zinc-supported silicate obtained in Synthetic Example

2 was replaced by the zinc-supported MFI silicalite cbtained

above.
10 [0112]

The (supported) amount of platinum and the {(supported)
amount of zinc in the MFI silicalite catalyst 4 were determined
by ICP-AES to be 0.32% by mass and 1.78% by mass, respectively.
[0113]

15 (Synthetic Example 8) Preparation of platinum- and
zinc-supported borcsilicate {catalyst 5)

Zinc-supported borosilicate was prepared in the same
manner as in Synthetic Example 5, except that the partially
deborcnated silicate (zeolite) was replaced by borosilicate

20 without the boren removal, namely, MFI borosilicate containing
3200 ppm of boron atoms which had been prepared by the method
described later in Synthetic Example 11,

101147

Platinum- and zinc-supported borosilicate (catalyst 3)



method. [0099] After impregnated with the solution, the powder was sufficiently agitated and was
calcined in-aif pt 420C for 3 5 hours and at 500C for 4 hours. Thus, zinc-supported silicate was
prepared. [0100] (Synthetic Example 3) Preparatipn of platinum- and zinc-supported silicate (catalyst
1) 10An aqueous solution weighing 0.33 g that contained 0.00846 g (0.0164 mmol) of chloroplatinic
acid hexahydrate was added to 1 g of the zinc-supported silicate obtained in Synthetic Example 2. The

platinum,janswers allowed.tq impregnate the silicate bydhe inciniant wetness methad, 15[0101]

After impregnated with the solution, the powder was sufficiently agitated and was calcined in air at

e L e e
catalyst 1 wetg determined by P-AES Jo,be QA2% . mass a0 L78%0 by mass, respedlively.
above.
5 [0115]

The (supported} amcunt of platinum and the (suppcrted)
amount of zinc in the borosilicate catalyst 5 were determined
by ICP-AES to be 0.32% by mass and 0.64% by mass, respectively.
(0116]

10 {(Synthetic Example 9) Preparation of platinum- and
zinc-supported silicate (catalyst 6)

Partially deboronated silicate (zeoclite) was prepared in
the same manner as in Synthetic Example 1, except that 9.23
g of the MFI becrosilicate (silica/alumina ratio = 200000)

15 contailning 3200 ppm of boron atoms was replaced by MFI
borosilicate (silica/alumina ratio = 3000) containing 3800 ppm
of boron atoms which had been purchased from N. E. CHEMCAT
CORPORATION,

[0117]

20 The amount of the boron atoms in the silicate powder was
determined to be 170 ppm by ICP-AES (residual rate of the boron
atoms: approximately 4%).

[0118]

Zinc-supported silicate was prepared in the same manner



[0103] SF-2419 34 (Synthetic Example 4) Preparation of platinum- and zinc-supported borosilicate
(catalyst gz)g Zinc-supported borosilicate was prepared in the same manner as in Synthetic
Example ,"e%ér?t that the partially 5 deboronated silicate (zeolite) was replaced by borosilicate
without the boron removal, namely, MFI borosilicate containing 3200 ppm of boron atoms which had
been prepared by the method described later in Synthetic Example 11. [0104] 10Platinum- and
zinc-supported borosilicate (catalyst 2) was prepared in the same manner as in Synthetic Example 3,
except thaf tHe zMEEupPoftEd SifiRBR- ShidinetFif S/ htiratR tEtaipROWEs Teplacad By e
zinc-supported borosilicate obtained above. 15[0105] The (supported) amount of platinum and the
(supportet &nourit’dt Zift iR thé BErésiiGits eRRR/ATE 2 Wvére Hetariind & b 3G PKE 8 towses0.32% by
mass and 1.78% by mass, respectively. [0106] 20 (Synthetic Example 5) Preparation of
ﬂnosup&ﬁﬁﬁ?ﬁﬁgué¥zé&ﬁefame manner as in Synthetic Example 3, except

that the above zinc-supported silicate was used.
5 [0119)

The (supported) amount of platinum and the {supported)
amount of zinc in the silicate catalyst 6 were determined by
ICP-AES to ke 0.32% by mass and 0.64% by mass, respectively.
[0120]

10 (Synthetic Example 10) Preparation of platinum- and
zinc-supported silicate (catalyst 7)

Silicate powder was obtained in the same manner as in
Synthetic Example 1, except that the amount of the 3 N aqueous
nitric acid soluticn was changed from 900 ml to 180 ml, and

15 that the filtered residue was not subjected to the second cycle
of the treatments, namely, the treatments were terminated when
the residue was washed with 300 ml of distilled water. The
amount of the boron atoms in the silicate powder was determined
to be 1300 ppm by ICP-AES (residual rate of the boron atoms:

20 approximately 40%).

(0121}

Zinc-supported silicate was prepared in the same manner

as in Synthetic Example 2, except that the above silicate was

used. Platinum- and zinc-supported silicate (catalyst 7) was



An aqueous solution weighing 0.33 g that contained 0.0291 g (0.0978 mmol) of zinc nitrate
hexahydrate was added to 1 g of the partially deboronated silicate obtained in Synthetic SF-2419 35
ExampIeS;LF.T%%lz?nc ions were allowed to impregnate the silicate by the incipient wetness method.
[0107] After impregnated with the solution, the po%er was 5 sufficiently agitated and was calcined in
air at 120C for 3 hours and at 500C for 4 hours. Thus, zinc-supported zeolite was prepared. [0108]
(Synthetic Example 6) Preparation of platinum- and 10zinc-supported silicate (catalyst 3)
Platinum®8hd 2 Supported Sickte (CRATSt FPWAE prépdrBa il th sai® hfanher 546 Synthetic
Example 3, except that the zinc-supported silicate obtained in Synthetic Example 2 was replaced by

the zinc-$tiiported S edhie thtdinsd i1 Byrthefc BRamplls: joton)was used.

(01221
The (suppcrted) amount of platinum and the (suppocrted)
> amcunt of zinc in the catalyst 7 were determined by ICP-AES
to be 0.32% by mass and 1.78% by mass, respectively.
[0123]
(Synthetic Example 11) Synthesis of MFI borosilicate
A 1.2 L volume, Teflon-lined stainless steel autcclave
10 was charged with 371 g cf a 22.5% by mass agueocus
tetrapropylammonium hydroxide solution, 267 g of distilled
water and 23.5 g of boric acid, followed by stirring at room
temperature for 10 minutes. Further, 111 g of fumed silica
(AEROSIL® 380) was added. The mixture was stirred for a day
15 at room temperature. The resultant slurry liguid was slowly
heated under stirring. The reaction was performed at 170°C for
6 days. The product was washed, filtered, dried at 120°C for
4 hours, and calcined at 540°C for 6 hours to give powder. The
obtained powder was added to 3 L of a 1 mol/L aqueous ammonium
20 nitrate sclution. After the mixture was stirred at 80°C for
3 hours, the liguid was filtered and the residue was washed.
The residue was again treated with the agqueous ammonium nitrate
solution, filtered and washed. The solid residue was dried at

120°C for 4 hours and calcined at 540°C for 6 hours to give



The (supported) amount of platinum and the (supported) amount of zinc in the catalyst 3 were
determined by |CP-AES to be 0.32% by mass and 0.64% by mass, respectively. 20[0110] (Synthetic
Example 315_ &}gration of platinum- and zinc-supported MFI silicalite (catalyst 4) Zinc-supported
MFI silicalite was prepared in the same manner aggn Synthetic Example 2, except that the partially
SF-2419 36 deboronated silicate (zeol te) was replaced by MFI silicalite (silica/alumina ratio = 200000)

that originally contained no baron atoms. [0111] 5Platinum- and zinc-supported MFI silicalite (catalyst
4) was pr"é% fet RIHE Same H?l%ﬁn‘épégﬁw BOHRERC EXEAmiphe3 fexcptittat thé ¥Mmcasuppokted silicate

obtained in Synthetic Example 2 was replaced by the zinc-supported MFI silicalite obtained above.
10[0112]° Y S (s S ppoted) Binduht é?asﬁ’nmﬁ%ﬂa rthé’le'sﬁ)é)ﬁéﬁé@mé?ﬁéw of Zite MERe MFI

silicalite catalyst 4 were determined by ICP-AES to be 0.32% by mass and 1.78% by mass,
,espangw;ﬁﬁﬁéfcate was analyzed by ICP-AES and ICP-MS, resulting in

a boron atem content of 3200 ppm and a silica/alumina ratio
5 of 200000.
[0124]
The properties of the catalysts 1 to 7 prepared in
Synthetic Examples 1 to 11 are described in TABLE 1.
01251

10  [Table 1]



15 (Synthetic Example 8) Preparation of platinum- and zinc-supported borosilicate (catalyst 5)
Zinc-supported borosilicate was prepared in the same manner as in Synthetic Example 5, except that
the partially deboronated silicate (zeolite) was rgplaced by borosilicate 20 without the boron removal,
namely, MFI borosilicate containing 3200 ppm of boron atoms which had been prepared by the
method described later in Synthetic Example 11. [0114] SF-2419 37 was prepared in the same
manner as in Synthetie-E rnp-le«~6-,--nqxceptnthat the zinc-supported zeolite obtained in Synthetic

Example 5 was repla gd\ctybthe -zm;e supparfed borosilicate obtained above. 5[0115] The
(supported) amount f‘pl’éﬂnum and tﬁe@(sumported) amount of zinc in the borosilicate catalyst 5 were
determined by ICP-AES.tg be 0 ’%?% by.ma$s and 0.64% by mass, respectively. [0116] 10 (Synthetic
Example 9) Preparation off platinum- ‘and zinc-supported silicate (catalyst 6) Partially deboronated
- . ENL SN N PN TN 0 . .
silicate (zeolite) was :u:eg rediirttie samemanner as in Synthetic Example 1, except that 9.23 g of the
MFI borosilicate (silica/aluffiina fatic = 200090) 15 containing 3200 ppm of boron atoms was replaced
by MFI borosilicate (gilica/plumina ratio = 3000) containing 3800 ppm of boron atoms which had been
purchased from N. E| CHEH MQAI CORPORATION.
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[0117] 20The amount of the boron atoms in the silicate powder was determined to be 170 ppm by
ICP-AES (residual rate of the boron atoms: approximately 4%). [0118] SF-2419 38 as in Synthetic
Example%f‘e&‘@:éﬁt that the above silicate was used. Platinum- and zinc-supported silicate (catalyst 6)
was obtained in the same manner as in SynthetidExample 3, except that the above zinc-supported
silicate was used. 5[0119] The (supported) amount of platinum and the (supported) amount of zinc
in the silicate catalyst 6 were determined by ICP-ASS to be 0.32% by mass and 0.64% by mass,
respectivéﬂ}.f@l}ZO] 10 (Synthetic Example 10) Preparation of platinum- and zinc-supported silicate
(catalyst 7) Silicate powder was obtained in the same manner as in Synthetic Example 1, except
that the dfPuRtsRheB-NcdgrésUsiaitit agitSolticor wasichangedfeom 900 mi t18Gmé)and 15
that the filtered residue was not subjected to the second cycle of the treatments, namely, the
treatments were TéfiRatéd Whéh the Fdsidive was aiashéd With 308 halldaf Histiled WaterhThe amount

of the boron atoms in the silicate powder was determined to be 1300 ppm by ICP-ASS (residual rate of
the borokratomss: Licate catalyst 5 were calculated from the amount of

5 carbon monoxide adscrbed con platinum.
[0127]

The measurement procedures were as follows., Each
catalyst in an amount of 0.1 g was placed into a U~shaped glass
sample tube, and the tube was set in a carbon menoxide adsorption

10 apparatus. At rocm temperature, the gas phase of the sampie
tube was purged with helium gas and thereafter with hydrcgen
gas. The catalyst was then pretreated by increasing the
temperature to 600°C in 30 minutes and holding the temperature
at 600°C for 2 hours under a stream of hydrogen, thereby reducing

15 the catalyst.

[0128]

Thereafter, in a stream of helium gas, the temperature
was decreased to 50°C, and helium gas containing 10% by volume
of carbon monoxide was introduced 5 times {(as 5 pulses) to the

20 catalyst layer. The carbon menoxide in the gas that had passed
the catalyst layer was quantitatively determined with a thermal
cenductivity detector.

[0129]

The amount c¢f carbon monoxide adsorbed to the catalyst



20 approximately 40%). [0121] Zinc-supported silicate was prepared in the same manner as in
Synthetic ExamE)Ie 2, except that the above silicate was used. Platinum- and zinc-supported silicate
(catalyst 5’?\7\/%\% 8F-2419 39 obtained in the same manner as in Synthetic Example 3, except that the
above zinc-supported borosilicate was used. [012&% The (supported) amount of platinum and
the (supported) 5 amount of zinc in the catalyst 7 were determined by ICP-AES to be 0.32% by mass
and 1.78% by mass, respectively. [0123] (Synthetic Example 11) Synthesis of MFI borosilicate A 1.2 L
volume, TEAGHEInEd StanllEsLLREEANBcRYE face area per'17°g of platinum were

calculated from the difference between the amount of the
introducedcarbonnwnoxideandtheamountcﬁfthedetectedcarbon
monoxide. As a result, the platinum surface areas per 1 g of
5 platinum in the catalyst 3 (Synthetic Example 6} and the
catalyst 5 (Synthetic Example 8) were 66.6 m’ and 27.5 m?,
respectively. This result showed that the at least partially
deboronated silicate (zeolite) as the catalyst support
permitted platinum particles to be deposited thereon with
10 greatly improved dispersibility compared with the borcsilicate
without the boron removal. Accordingly, the lattice defects
formed by the boron atom removal according to the invention
were demonstrated to improve the dispersibility of the
supported metals. Similar effects are expected as long as
15 defects are formed in the zeclite crystal by cther than the
boron atom removal. In such cases, the use of the borcsilicate
as the precursor 1s not compulsory.
[0130]
[Example 1]
20 0.25 g of the catalyst 1 from Synthetic Example 3 was
loaded into a tubular reactor (a SUS tube) 1/2 inch in diameter
and 300 mm in total length which had an alumina inner tube 6
mm in inner diameter. Further, guartz sand was loaded to fi11l

the air gaps.



10 was charged with 371 g of a 22.5% by mass aqueous tetrapropylammonium hydroxide solution,
267 g of distilled water and 23.5 g of boric acid, followed by stirring at room temperature for 10
minutes. EUrther, 111 g of fumed silica (AEROSIL 380) was added. The mixture was stirred for a day
15 at room temperature. The resultant slurry liquii tvas slowly heated under stirring. The reaction was
performed at 170C for 6 days. The product was washed, filtered, dried at 120C for 4 hours, and
calcined at 540C for 6 hours to give powder. The obtained powder was added to 3 L of a 1 mol/L
aqueous dtmdnrium 20 nitrate solution. After the mixture was stirred at 80C for 3 hours, the liquid was
filtered and the residue was washed. The residue was again treated with the aqueous ammonium
nitrate solution, fiftefedr &3¢ Washatd: STHesHlia Fésidueivas died he¥20E ot Whourshdriceealcined at
540C for 6 hours to give SF-2419 40 white powder. The white powder was identified to have an MFI
crystal sttactdRIFXHRY powde? diffrad@nidtnt ThelMEF borosilicarwas analyzed by ICFEAES and
ICP-MS, resulting in a boron atom content of 3200 ppm and a silica/alumina ratio 5of 200000. [0124]
The propekiesiof therchtalysts dr - prepared it Syntlratic Exafipleimdtl areelescribedtin TABLE
1.[0125] 10[Table 1]
5 furnace. After the temperature of the reactor reached 600°C,

the catalyst 1 was reduced with hydrogen for 2 hours.

[0132]

After the reduction for 2 hours, n-butane was fed to the

reactor at a rate of 2 g/h that was controlled with a mass flow
10 controller, thereby initiating the reaction (WHSV=8 h™'). The

reaction was performed at 0.15 MPa. After the start of the

reaction, the preoducts after the lapse of the predetermined

time shown in TABLE 2 were analyzed by on-line gas

chromatography. The line from the reactor exit to the gas
15 chromatographs was temperature-contrelled at 220°C.

[0133]

The guantitative determination of the products was
conducted by an absolute calibration method using a gas
chromatograph fitted with a hydrogen flame ionization detector

20 and a gas chromatograph equipped with a thermal conductivity
detecter. The results of the product analysis are described
in TABLE 2.

10134]

The butane conversion, the butene selectivity and the



SF-2419 42 [0126] (Measurement ofplatinumsurface area in synthesized catalysts) The platinum
surface aggas,of;the catalyst 3 and the borosilicate catalyst 5 were calculated from the amount of 5
carbon monoxide adsorbed on platinum. [0127] 5 The measurement procedures were as follows.
Each catalyst in an amount of 0.1 g was placed into a U-shaped glass sample tube, and the tube was
set in a carbon monoxide adsorption 10 apparatus. At room temperature, the gas phase of the sample

tube wasuigedt wits hellimgap.anc hepealteriu'ih hudrogen gas- e catalyglwas then pretreated

by increasing the temperature to 600C in 30 minutes and holding the temperature at 600C for 2 hours

o o e e T A
carbon mﬁ@g%}g? a3 zilnére%lf'a%eéjrsa ET\‘?% @}S(a?n%%séess)ttf?aﬂeew i1l be presented later.
Butane conversion = ({n-butane concentraticn in
5 materials + iscbutane concentraticon in materials) - (n-butane
cencentration in products + iscbutane concentration in
products) )/ ({n-butane concentration in materials + isobutane
concentration in materials)
Butene selectivity = {l-butene concentration in products

10 + 2-butene concentration in products + isobutene concentration
in products)/ ( (n-butane concentration inmaterials + iscbutane
concentration in materials) - (n-butane concentraticn in
preducts + 1sobutane concentration in products - hydrogen
concentraticon in products))

15 Butadiene selectivity = butadiene concentration in
products/ ( (n-butane concentration in materials + isocbutane
concentration in materials} - {n-butane concentration in
products + iscbutane concentration in products - hydrogen

concentratiocn in products))

20 [0135]



20 catalyst layer. The carbon monoxide in the gas that had passed the catalyst layer was quantitatively
determined with a thermal conductivity detector. [0129] SF-2419 43 layer, and the platinum surface
area per 1 g of platinum were calculated from the’difference between the amount of the introduced
carbon monoxide and the amount of the detected carbon monoxide. As a result, the platinum surface

areas per 1 g of 5 plakinum-in.the catalyst 3. {Synthetic Example 6) and the catalyst 5 (Synthetic
Example 8) were 6p.62 and 275 M2, tesgectively. This result showed that the at least partially
deboronated silicatg: (zeglite) as the_datalysti support permitted platinum particles to be deposited
thereon with 10 greatly improved dispersibdity compared with the borosilicate without the boron
removal. Accordingly| the lattice defegts formed by the boron atom removal according to the invention
were demonstratediginiprove the dispeksibllity of the supported metals. Similar effects are expected
as long as 15 defe¢ts are formed in the Zeoljte crystal by other than the boron atom removal. In such
cases, the use of the [borpsilicate as-tire preg¢ursor is not compulsory. [0130] [Example 1]
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200.25 g of the catalyst 1 from Synthetic Example 3 was loaded into a tubular reactor (a SUS tube) 1/2
inch in diameter and 300 mm in total length which had an alumina inner tube 6 mm in inner diameter.
Further, guartzzsand was loaded to fill the air gaps. SF-2419 44 [0131] The reactor Was
connected with a flow reactor. After nitrogen was passed through the reactor, hydrogen was fed (20
ml/min) and the temperature was raised to 600C with an electric 5 furnace. After the temperature of
the reactor reached 600C, the catalyst 1 was reduced with hydrogen for 2 hours. [0132] After the
reduction{fot 24purs, n-butane was fed to the reactor at a rate of 2 g/h that was controlled with a mass
flow 10 controller, thereby initiating the reaction (WHSV= 8 h-1). The reaction was performed at 0.15
MPa. AfteéEtherstaré obthe reaction, the products after the lapse of the predetermined time shown in
TABLE 2 were analyzed by on-line gas chromatography. The line from the reactor exit to the gas 15
chromatcgraphs was Jempegratiae-controliedati 220G, 40133 r r i dhequantitative detegmination of the
products was conducted by an absolute calibration method using a gas chromatograph fitted with a
hydrogen:fiaie jopizatiom 4etestos 1, except that the catalyst 1 from Synthetic

5 Example 3 was replaced by the catalyst 3 from Synthetic Example

6. The results of the product analysis are described in TARBRLE
3.

[0137]



20 and a gas chromatograph equipped with a thermal conductivity detector. The results of the product
analysis are described in TABLE 2. [0134] SF-2419 45 butadiene selectivity were defined as follows.
The concentration was on the mass basis. The safne applies to other Examples and Comparative
Examples that will be presented later. Butane conversion = ((n-butane concentration in 5 materials +
isobutane concent a enulmm,atenals,) ~(B-bytane concentration in products + isobutane concentration
in products))/(n-bu ane corcéntratioh|in materials + isobutane concentration in materials) Butene
selectivity= (1-butgng Concentratlon in_prodycts 10 +2-butene concentration in products+ isobutene
concentration in pn uicts)g (g(mbﬂta:r e gbrgentration in materials + isobutane concentration in
materials) - (n- butcln concentration-ip prcd cts + isobutane concentration in products - hydrogen
concentration in prgdiicts)f: 15BUtadidfie sélectivity = butadiene concentration in products/((n-butane
concentration in materials F [3obutang cBncentration in materials) - (n-butane concentration in
products + isobutajng f(:ome’erm&tlonanpﬁomjcts - hydrogen concentration in products)) 20[0135]
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0.32 wt% Pt 0.64 wt% zn/deboronated MFI zeolite 0.25 g |

”yeaction Femp@rature 600°C, pressure 0.15 MPg, pg?apg_ﬁegd :ate_?_g[b}
3. .

Time on stream (h)

lCl—CB compounds N

‘n-butane + isobutane

l1-butene + 2-butene + isobutene
C5 and higher compounds
benvene + toluene + xylane
Butane conversion (%)

Butene selectivity (%)
iButadiene selectivity {%}

ghydroqen
butadiene
Caf; .

Reaction conditions:

SF-2419
[Table 3]
Results

Products

_TABLE 3 Results of dehydrogenation of n-butane

‘Reaction conditions



SF-2419 47 [0136] [Example 2] Dehydrogenation reaction was carried out in the same  manner as in
Example 1, except that the catalyst 1 from Synthetic 5 Example 3 was replaced by the catalyst 3 from
SyntheticS i“e%r%% 6. The results of the product agglysis are described in TABLE 3. [0137]

[0138]
[Example 3]
Dehydrogenation reaction was carried out in the same
manner as in Example 2, except that a n-butane/water mixture
5 gas was fed to the reactor instead of n-butane and that the

reaction pressure was 0.1 MPa. The feed rate of n-butane was

2 g/h {= about 0.034 mol/h} and the feed rate of water was 1.2
g/h {= about 0.067 mel/h) (i.e., water/n-pbutane molar ratio
= about 2). The results of the product analysis are described

10 in TABLE 4.

[0139]



about 0.067 mol/h) (i.e., water/n-butane molar ratio

Dehydrogenation reaction was carried out in the same manner as

in Example 2, except that a n-butane/water mixture 5 gas was fed to the reactor instead of n-butane
and that the reaction pressure was 0.1 MPa. Theéed rate of n-butane was 2 g/h (= about 0.034

mol/h) and the feed rate of water was 1.2 g/h

SF-2419 49 [0138) [Example 3]

s of the profduct analysis are described 10 in TABLE 4. [0139]
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SF-2419 51 [0140] [Example 4] Dehydrogenation reaction was carried out in the same manner as
in Example 3, except that the catalyst 3 from Synthetic 5 Example 6 was replaced by the catalyst 6

from SyniretieEample 9. The results of the product analysis are described in TABLE 5. [0141]
SF-2419 53 [0142] 51

[0140]

[Example 4]

Dehydregenation reaction was carried out in the same
manner as in Example 3, except that the catalyst 3 from S8ynthetic
Example & was replaced by the catalyst 6 from Synthetic Example

9. The results of the product analysis are described in TABLE

[0141]



about 7.5). The results of the product
In Example 5, carbon monoxide and carbon dioxide
ggested that the coke which 15

tion time of 25 hours. The weight-based selectivity was

about 0.036 mol/h) and the feed rate of water was

to the reactor instead of the n-butane/water

t

SF-2419 55 [0145] [Example 6]

) (i.e., water/n-butene molar ratio

Dehydrogenation reaction was carried out in the same manner as in Example 3,

about 0.27 mol/h

mixture gas. The feed rate of n-butene was 2 g/h

except that a n-butene/water mixture 5 gas was £

[Example 5]
4.8 g/h (

was a cause for ¢dtal ;tcg'gg ,;i%\"ga;ti-Q'TW'as oxidized by water into carbon monoxide and carbon dioxide,
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Dehydrogenation reaction was carried out in the same manner as in Example 1, except that the

T ota6 50 o

-2419 57 [0147] [Example 7] 53Dehydrogenation reaction was carried out in the

aced 5 by the catalyst 7. The results of the product analysis are described in TABLE

same manner as in Example 3, except that the reaction temperature 5 was 450C. Analyzing the
products showed that the n-butene yield was 26% which was the equilibrium value. The yield did not
decrease %fierzt e reaction was carried out for at least 120 hours. The selectivity of n-butene was

98%. [Exa

mple 8]

[Example 5]

Dehydrogenatiocn reaction was carried cut in the same

manner as in Example 3, except that a n-butene/water mixture

5 gas was fed Lo the reactor instead of the n-butane/water mixture

gas. The feed rate of n-butene was 2 g/h (= about 0.036 mol/h}
and the feed rate of water was 4.8 g/h (= about 0.27 mol/h)
(i.e., water/n-butene molar ratic = about 7.5). The results

of the product analysis are described in TABLE 6.

10 [0143]

In Example 3, carbon monoxide and carbon dioxide in the

products were analyzed during a reaction time of 25 hours. The

weight-based selectivity was 1.7% for carbon monoxide and 0.8%

for carbon dioxide. This result suggested that the coke which

15 was a cause for catalyst deactivation was oxidized by water

into carbon monoxide and carbon dicoxide, and consequently the

catalytic life was extended.

[0144]
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propane/water mixture gas was fed to the reactor instead of n-butane and that the reaction pressure
was 0.1 MPa. The feed rate of propane was 2 g/P¢= about 0.045 mol/h). The results of the product

10Dehydrogenation reaction was carried out in the same manner as in Example 2, except that

analysis are 15 described in TABLE 8. 58
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4-10rH C.) cC CO 03)CO 1-1V a:313-1W CV 1V01 1-1-1EIICU)H 100

SF-2419
55

0145}
([Example 6]
PDehydrogenation reacticon was carried out in the same
manner as in Example 1, except that the catalyst 1 was replaced
5 by the catalyst 7. The results cf the product analysis are
described in TABLE 7,

[0146]
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tn OH 0 C)03 333-1"C3 >10:0 a,U 0 3-3.3033c) 040.0 SF-2419

10

15

SF-2419

57
[0147]
[Example 7]

Dehydrogenation reaction was carried out in the same
manner as in Example 3, except that the reaction temperature
was 450°C. BAnalyzing the products showed that the n-butene
yield was 26% which was the equilibrium value. The yield did
not decrease after the reaction was carried out for at least
120 hours. The selectivity of n-butene was 98%.

[Example 8]

Dehydrogenation reaction was carried cut in the same
manner as in Example 2, except that propane/water mixture gas
was fed to the reactor instead of n~butane and that the reaction
pressure was (.1 MPa. The feed rate of propane was 2 g/h (=
about 0.045 mecl/h). The results of the product analysis are

described in TABLE 8.



he results of the product analysis are described in

A

5
SF-2419 61 [0150] [Comparative Example 2]

borosilicate catalyst 2 from Synthetic Example 4.

TABLE 9. [0149]

Dehydrogenation reaction was carried out in the same

manner as in Example 1, except that the catalyst 1 from Synthetic 5 Example 3 was replaced by the

59 [0148] [Comparative Example 1]

\@ N 23RrI vmww mcmmogm ‘D, oo@ mm:amummﬁmw UOT)0PaL ISUSTITRUOD ﬁoapommmm

G°G6 . LT¥6 T ¥E | {g) A3jratiperss sustAdoad

e M oumw=wzwuww W e ﬂwv.mmwmwwwcou e e Siinmen

0 Z2°0 v ogwﬁmx 4 DUBNTOL + suUszZuUadg;

Wum:w.ﬂuo;.m.ﬁ. B wumsoasou mesmﬁa e now .....

£0 | v0 g punodwos po.

ou»w;w o0 w . mcmﬂmaouaw.

6775 . 076G g ouedoad.

oo L ﬁuw;:m buw W B - mﬁmsomaoo o ﬁum B s mmwavw
.wUm ..... W;o.m W ﬁ.mzzw;:;:. e cmmOHUxﬁwzéee.;::::::=: meﬁﬁogmm
o7 i 1 (y) wesIls uo @Eﬁwm SUOTITPUCD UOTIOEdY

& (8 .xmv mcm&ou& wo QOHumammOMU>£mﬁ wo mpﬁswwm g mamma.

[8 TqeL]

PRI



Dehydrogenation reaction was carried out in the same mannerasinExamplel, except that the catalyst 1
from Synthetic 5 Example 3 was replaced by the MEI silicalite catalyst 4 from Synthetic Example 7.
The results of thesproduct analysis are described in TABLE 10. [0151] SF-2419 63 [0152]
[Comparative Example 3] Dehydrogenation reaction was carried out in the same manner as in
Example 3, except that the catalyst 3 from Synthetic 5 Example 6 was replaced by the borosilicate
catalyst 5 from Synthetic Example 8. The results of the product analysis are described in TABLE 11.

[0153] [0148]

[Comparative Example 1]
Dehydrogenation reaction was carried out in the same
manner as in Example 1, except that the catalyst 1 from Synthetic
5 Example 3 was replaced by the borosilicate catalyst 2 from
Synthetic Example 4. The results of the product analysis are
described in TABLE 9.

[0149]
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[Comparative Example 2]
Dehydrogenation reaction was carried out in the same
manner as in Example 1, except that the catalyst 1 from Synthetic

5 Example 3 was replaced by the MFI silicalite catalyst 4 from

Synthetic Example 7. The results of the product analysis are

described in TABLE 190.

[0151]
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[0152]
[Comparative Example 3]
Dehydrogenation reaction was carried out in the same
manner as in Example 3, except that the catalyst 3 from Synthetic
& Example 6 was replaced by the borosilicate catalyst 5 freom

Synthetic Example 8. The results of the product analysis are

described in TARLE 11.

[0123]
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U U)CO C -H ti 0kw C-1F111 CO SF-2419 65 [0154] The results in TABLES 2 to 11 show
that the catalysts A according to the present invention can catalyze the dehydrogenation of
hydrocarBéns fok% longer time (longer 5 catalytic life) than the borosilicate catalysts used without the
boron removal in Comparative Examples 1 and 3@ the

[0154]

The results in TABLES 2 to 11 show that the catalysts A
according to the present invention can catalyze the
dehydrogenation ¢f hydrccarbens for a lénger time (longer

5 catalytic life} than the borosilicate catalysts used without
the boron removal in Comparative Examples 1 and 3 or the
(criginally boron-free) MFI silicalite catalyst used in
Comparative Example 2, regardless of the presence or absence
of water in the reaction system. In particular, the catalyst

10 5 that had not been subjected tc the boron removal did not
substantially extend the catalytic life even by the addition
of water to the reaction system. In contrast, the catalysts
A of the invention were demonstrated to drastically extend the
catalytic life by the presence of water in the reaction system.

15 [0155]

For reference, the difference of the catalytic life of
the catalysts used in Examples 1 and ¢ and Comparative Examples
1 and 2 is wvisually illustrated in FIG. 1.

[0156]

20 Further, FIG., 2 visually illustrates the difference of
the catalytic life of the catalysts used in Example 2 (water
was absent from the reaction system), Example 3 {water was
present in the reaction system) and Comparative Example 3 {water

was present in the reaction system).



(originally boron-free) MFI silicalite catalyst used in Comparative Example 2, regardless of the
presence or absence of water in the reaction system. In particular, the catalyst 10 5 that had not been
subjected to-th&tforon removal did not substantially extend the catalytic life even by the addition of
water to the reaction system. In contrast, the catafysts A of the invention were demonstrated to
drastically extend the catalytic life by the presence of water in the reaction system. 15[0155] For
reference, the difference of the catalytic life of the catalysts used in Examples 1 and 6 and
Comparative Examples 1 and 2 is visually illustrated in FIG. 1. [0156] 20Further, FIG. 2 visually
illustrates the difference of the catalytic life of the catalysts used in Example 2 (water was absent from
the reactioni8ysteniiExamble S pRdteL Was present in the reaction system) andComparativeExample3
(water was present in the reaction system). SF-2419 66 INDUSTRIAL APPLICABILITY [0157]
According &3 f&linventive process for producing
According to the inventive process for producing
5 unsaturated hydrocarbons described hereinabove, unsaturated
hydrocarbens, preferably olefins and/or dienes that are useful
as industrial materials, can bemanufactured using the catalyst
having a longer catalytic life than known dehydrogenation
catalysts.
10 [01587
In particular, the precducticn process of the invention
can produce:
propylene which is useful as a material in the synthesis
of, for example, acrylonitrile, polypropylene,
15 ethylene/propylene rubber, propylene oxide, acetone,
iscpropyl alcohol and octanol;
l-butene and 2-butene which are useful as materials for
sec~-butyl alcochol, butadiene and propylene;
isobutene which i1s & highly valuable substance as a
20 material for pclyisobutylene, methacrolein, methyl
methacrylate, methyl tert-butyl ether, ethyl tert-butyl ether,
dibutylhydroxytoluene and dibutylhydroxyanisocle;

butadiene, producible from l-butene or 2-butene as an

intermediate, which is used as a feedstock for synthetic rubbers



5 unsaturated hydrocarbons described hereinabove, unsaturated hydrocarbons, preferably olefins
and/or dienes that are useful as industrialmaterials, can be manufactured using the catalyst having a
longer catdlyticiifeé than known dehydrogenation catalysts. 10[0156] In particular, the production
process of the invention can produce: propyleéné which is useful as a material in the synthesis of,
for example, acrylonitrile, polypropylene, 15 ethylene/propylene rubber, propylene oxide, acetone,
isopropy! alcohol and octanol; 1-butene and 2-butene which are useful as materials for sec-butyl
alcohol, ButadieAs afd propyienes RobliEhendsichnis ahighlywatuabfesulsstahce as a 20 material for
polyisobutylene, methacrolein, methyl methacrylate, methyl tert-butyl ether, ethyl tert-butyl ether,
dibutylhydroxytolaéner and diboitydiarraxyamisole; the batddiehe; peodhucible:fro 1-burene or
2-butene as an intermediate, which is used as a feedstock for synthetic rubbers SF-2419 67
ethylbenzene, which is useful as a feedstock for polystyrene
that is a general resin.
5 10159]

According to the process for producing unsaturated
hydrocarbons of the invention, the catalyst regeneration
frequency 1s reduced and the catalytic life is further
drastically extended by allowing water to be present in the

10 reaction system. Accordingly, the invention increases the
freedom in designing the dehydrogenation process and facility
and is expected to realize industrially advantageous
production of unsaturated hydrocarbons.

[0160]
15 Further, the catalyst R according to the inventionis free

of highly toxic chromium. Thus, the production process of the

invention is alsc excellent in terms of the safety aspect.



such as SBR and NBR, ABS resins and nylon 66; and

of ethylbenzene, which is useful as a feedstock for polystyrene that is a general resin. 5[0159]
Accordin§Ho 2 process for producing unsaturated hydrocarbons of the invention, the catalyst

regeneration frequency is reduced and the catalyfi@ life is further drastically extended by allowing
water to be present in the 10 reaction system. Accordingly, the invention increases the freedom in

designing the dehydrogenation process and facility and is expected to realize industrially

advantageous production of unsaturated hydré&afidfis. [0160] 15Further, the catalyst A according to
the invention is free of highly toxic chromium. Thus, the production process of the invention is also

excellent in terms of the safety aspect. SF-2419 68 CLAIMS

10

15

20

1. A process for producing unsaturated hydrocarbons,
comprising a step of dehydrogenating a hydrocarbon into a
corresponding unsaturated hydrocarben by contacting the
hydrocarbkon with a catalyst A that is obtained by supporting
zinc and a Group VIIIA metal on a silicate obtained by removing

at least part of the boron atoms from a borosilicate.

2. The process for producing unsaturated hydrocarbons
according to claiml, wherein in the catalyst A, the hydrocarbon

is an unsaturated hydrocarbon.

wherein in the catalyst A, the residual rate of the boron atoms
in the silicate ig not more than 80% relative to all the boron

atoms in the borosilicate.

3. The process for producing unsaturated hydrocarbons
according to claim 1 or 2, wherein in the catalyst A, the
residual rate of the boron atoms in the silicate is not more

than 80% relative to all the boron atoms in the borosilicate.

4. The preocess for producing unsaturated hydrocarbons

according to any one of claims 1 to 3, wherein the amcunt of

styrene, producible by the dehydrogenation



1.A process for producing unsaturated hydrocarbons, comprising a step of dehydrogenating a
hydrocarbon into a 5 corresponding unsaturated hydrocarbon by contacting the hydrocarbon with a
catalyst Ahat4d dbtained by supporting zinc and a Group VIIIA metal on a silicate obtained by
removing at least part of the boron atoms from a b8rosilicate. 10 2. The process for producing
unsaturated hydrocarbons according to claim 1, wherein in the catalyst A, the hydrocarbon is an
unsaturated hydrocarbon. wherein in the catalyst A, the residual rate of the boron atoms 15 in the
silicate is-hé6t riéiecthan 80%erefztive ko all the beroh aidms i the horosilivats - 3. The process for
producing unsaturated hydrocarbons according to claim 1 or 2, wherein in the catalyst A, the 20
residual rate of the boron atoms in the silicate is not more than 80% relative to all the boron atoms in
the borosilicate. 4. The process for producing unsaturated hydrocarbons SF-2419 69 the zinc in
the catalyst A is 6.01 to 15% by masss for BrThe priocessiferprodacing insaturated-hydsocarbons
according to any one of claims 1 to 4, wherein the amount of 5 the Group VIIIA metal in the catalyst A
is 0.01 taB%dndiags.to any one of claims 1 to 4, wherein the amount of

5 the Group VIIIA metal in the catalyst A is 0.01 to 5% by mass.

6. The process for producing unsaturated hydrocarbons
according to any one of claims 1 to 5, wherein the Group VIIIA

metal is platinum.

10
7. Théprocessforpxoducimgunsaturatedhydrocarbons
according te any one of claims 1 to 6, wherein the borosilicate
is a MFI zeclite.
15 8. The process for producing unsaturated hydrocarbons

according to any one of claims 1 to 7, wherein the hydrocarbon

has 2 to 20 carbon atoms.

9. The process for producing unsaturated hydrocarbons
20 according to any one of claims 1 to 8, wherein the unsaturated

hydrocarbon is an olefin and/or a diene.

10. The process for producing unsaturated hydrocarbons

according to any one of claims 1 to 9, wherein the hydroccarboen



6. The process for producing unsaturated hydrocarbons according to any one of claims 1 to 5, wherein

the Group VIIIA metal is platinum. 10

7. The process for producing unsaturated hydrocarbons
according e 2a¥ ®ne of claims 1 to 6, wherein the borosilicate is a MFI zeolite. 158.The process for

producing unsaturated hydrocarbons according td @ny one of claims 1 to 7, wherein the hydrocarbon

has 2 to 20 carbon atoms.
to any one of claims 1 to 8, wherein the unsaturated hydrocarbon is an olefin and/or a diene.

The processdor prathicing:ensatlirated Bydrorarbors ¢SE-24190105i$ at leagt ofiepsetgcied from the
group consisting of propane, n-butane, isobutane and isopentane. 11. The process for producing
unsaturatecblydroegarbors bateordingrid clamk witwetein the hydrocarbon is at least one selected

from the group consisting of n-butene and ethylbenzene.

10

15

20

1l. The process for producing unsaturated hydrocarbons
according to claim 1, wherein the hydrocarbon is at least one
selected from the group consisting of n-butene and

ethylbenzene,

12, The process for producing unsaturated hydrocarbons
according to any one of claims 1 to 11, wherein the contacting
of the hydrcocarben and the catalyst A is performed at a reaction

temperature of 300 to 800°C.

13. The process for producing unsaturated hydrocarbons
according to any one of claims 1 to 12, wherein the contacting
of the hydrocarbon and the catalyst A is performed at a reaction

pressure of 0.01 tfto 1 MPa.

14. The process for producing unsaturated hydrocarbons
according to any one of claims 1 to 13, wherein the contacting
cf the hydrocarbon and the catalyst A is performed in the

presence of water.

15. The process for producing unsaturated hydrocarbons

9. The process for producing unsaturated hydrocarbons 20 according

10.



12. The process for producing unsaturated hydrocarbons 10 according to any one of claims 1 to 11,
wherein the contacting of the hydrocarbon and the catalyst A is performed at a reaction temperature of
300 to 80800243 9The process for producing unsaturated hydrocarbons 15 according to any one of
claims 1 to 12, wherein the contacting of the hydr@éarbon and the catalyst A is performed at a reaction
pressure of 0.01 to 1 MPa. 14. The process for producing unsaturated hydrocarbons 20 according to
any one of claims 1 to 13, wherein the contacting of the hydrocarbon and the catalyst A is performed in
the presence of watey. (SF-2439 71 hécordingrte claimhi, wdresein dheusagecameanteof water is 0.05
to 20 molar times relative to the hydrocarbon. 16. A catalyst A which is obtained by supporting zinc 5
and a Group VllZonetalronia silicate obtamedaly remaving: atdeastdasicaf the horon atoms from a
borosilicate, and which catalyzes the dehydrogenation of a hydrocarbon into a corresponding
unsaturated hydrocarbon.

i6. A catalyst A which is obtained by supporting zinc

5 and a Group VIIIA metal on a silicate obtained by removing at

least part of the boron atoms from a borosilicate, and which
catalyzes the dehydrogenation c¢f a hydrocarbon into a

correspending unsaturated hydrocarbon.



