
SF-2419 1 DESCRIPTION TITLE OF INVENTION PROCESS FOR PRODUCING UNSATURATED
HYDROCARBONS AND DEHYDROGENATION CATALYST USED IN THE PROCESS 5
TECHNICAL FIELD [0001]        The present invention 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[0002]        Unsaturated hydrocarbons, in particular
olefins and dienes, resulting from the dehydrogenation of hydrocarbons are useful basic feedstocks in
the petrochemical industry. Exemplary such products are propylene, 1-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,  SF-2419 2 propylene oxide, acetone, isopropyl alcohol and octanol. [0004] 1-Butene and
2-butene are feedstocks used in the metathesis reaction 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
diene compound. It is used 



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]
Isobutene is an unsaturated hydrocarbon that is useful 15 as a material for polyisobutylene,
methacrolein, methyl methacrylate, methyltert-butyl 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 from the dehydrogenation reaction of hydrocarbons according to the present invention can be
SF-2419 3 directly used as an energy source or as an extremely useful intermediate for the production
of petrochemical products. [0009] Processes have been established for the production of 5 these
useful unsaturated hydrocarbons. As known in the art, hydrocarbons are dehydrogenated in the
presence of a specific catalyst into the corresponding unsaturated hydrocarbons (in particular olefins
and/or dienes). 



[0010] 10The known dehydrogenation catalysts include chromium oxide-containing catalysts,
platinum-tin-containing catalysts, platinum-zinc-containing catalysts and iron-containing 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 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
example, Nonpatent Literatures 3 and 4). [0012] Techniques have been reported in which a  SF-2419
4 



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
platinum-zinc-based catalysts are described to have a relatively long catalytic life compared to the
chromium oxide-containing catalysts and the platinum-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. In particular, severe reaction conditions have to be adopted when the catalysts are used for
the reaction of hydrocarbons having low reactivity. 15Further, a borosilicate that has been
deboronated is used as a support of an oxidative dehydrogenation catalyst or an oxidation catalyst
(see, for example, Patent Literature 7). [0014] From the industrial viewpoint, a more efficient process
20is desirable. Namely, it is desired from the energy consumption standpoint that a catalyst be
regenerated as few times as possible or require no regeneration. The catalytic life of the known
catalysts is insufficient to afford this. A continuous catalyst regeneration facility is provided to  SF-2419
5 remedy the problem that the reaction system has to be suspended each time the catalyst is
regenerated. However, the reaction system should be a moving bed system or a fluidized bed system
in order that the catalyst to be regenerated can be continuously 



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
hydrocarbons, in particular olefins and dienes, 10 using a catalyst which can catalyze a wide range of
hydrocarbons and has high safety and a longer catalytic 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 Patent Literature 5: US2002/0004624A Patent Literature 6: U.S. Patent No. 5114565 



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. Nonpatent Literature 3: Kinetics and Catalysis, 2001, 42, 72. Nonpatent Literature 4:
Petrochemie, 1995, 111, 171. Nonpatent Literature 5: Handbook of Heterogeneous Catalysis, Vol. 5,
2151, 1997 (edited by G. Ertl et al., VCH, 101997). 



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
corresponding unsaturated hydrocarbon with use of a nontoxic catalyst having a long catalytic life, 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  SF-2419 7 in which zinc and a Group VI IA metal are
supported on a silicate obtained by removing at least part of the boron atoms from a borosilicate. The
catalyst has been found to have a markedly long catalytic life compared to the known dehydrogenation



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. [0020] 10An 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 is obtained by
supporting zinc and a Group VIITA metal 15 on a silicate obtained by removing at least part of the
boron atoms from a borosilicate. [0021]        In the catalyst A, the residual rate of the boron atoms in
the silicate is preferably not more than 80% relative to 20 all the boron 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 VIIIA
metal in the catalyst A is preferably 0.01 to 5% by mass. The borosilicate is preferably a MFI zeolite.
[0022]  SF-2419 8        Examples of the Group VIIIA metals include palladium, nickel, platinum,
rhodium, ruthenium and iridium. Of these, platinum is preferably used. [0023] 



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 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] 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 reaction pressure is preferably 0.01 to 1 MPa. [0026] 20The contacting of the hydrocarbon 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 to the hydrocarbon. [0027]  SF-2419 



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 metal on a silicate obtained 5 by removing at least part of the boron atoms from a borosilicate,
and can catalyze the dehydrogenation of a hydrocarbon 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
corresponding unsaturated hydrocarbon with a catalyst which has a long catalytic life to realize 15
infrequent 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 visually 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 



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 materials, and the dehydrogenation reaction in the
present invention will 10 be sequentially described hereinbelow. [0031] [Catalysts A] 



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 VIIIA metal on a silicate obtained 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 borosilicates may have a
crystalline or amorphous structure. From the viewpoints of the catalytic  SF-2419 11 reaction efficiency
and the catalytic life, crystalline 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, MFI zeol te (borosilicate) is preferable because of easy availability. [0034] 



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
preferably not less than 500, particularly preferably not less than 1000, and most preferably not less
than 2000. The ratio is usually not more 15 than 400000, 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
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 12 [0036]        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" is meant that the concentration of alkali metals and 10
that of alkaline earth metals in the borosilicate are 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
particularly preferably 1000 to 8000 ppm. As will be described later, the long life of the catalyst A is
probably contributed to by the lattice defects that are formed by the removal of boron atoms. Thus, it 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,  SF-2419 13 plasma) (ICP-AES).
[0039] 



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 or more may be used in combination. [0041] (Removal of boron atoms from borosilicate) 10In
the invention, at least part of the boron atoms is removed 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 such as atomic vacancies are formed in the resultant silicate (in which a certain amount of
boron atoms usually remain). It is 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. In detail, there is probably some interaction between the lattice defects and the zinc and
the Group VIIIA metal. For example, it is probable that the zinc and the Group VIIIA metal as
heteroatoms attach  SF-2419 14 



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 are removed 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 of improving the catalytic life. [0044] The residual rate of the boron atoms may be calculated
15 by comparing the content of the boron atoms in the borosilicate before the boron atom removal,
with the content of the boron atoms in the silicate after the boron atom removal. The content of the
boron atoms may be measured by, forexample, an analytical method using ICE'. 20[0045]        To
remove at least part of the boron atoms from the borosilicate, methods may be adopted such as
treating the borosilicate with an aqueous inorganic or organic acid solution, and treating the
borosilicate with a solution of an inorganic  SF-2419 15 



or organic acid in an organic solvent (other than water). Of these methods, a treatment with an
aqueous inorganic or organic acid solution is preferable in terms of safety and production costs.
5[0046]        Examples of the inorganic acids include nitric acid, sulfuric acid and hydrochloric 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 borosilicate with the solution such as
the acidic aqueous solution is usually performed at room temperature (25C) to 200C. 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 is effective to increase the efficiency
intheboron atom 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]        In detail, 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 the solution such as the acidic aqueous  SF-2419 16 solution is preferably 0.01 to 15
N (eq/L). The solution such as the acidic aqueous solution may be a single acidic solution or a mixture
of two or more acidic solutions. [0049] 



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. In some cases, the borosilicate may be repeatedly treated with the solution such 10 as the
acidic aqueous solution. [0050]        The removal of 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
performed at a heating temperature of 400 to 600C for 1 to 10 hours. [0052] 20When the calcination 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 and the second stage is performed at a heating temperature of 400 to 600C for 1 to 10 hours.
[0053]  



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 borosilicate as described above, resulting in the 5 catalyst A used in the production process of the
invention. [0054]        The "Group VIIIA metal" is an 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 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 to support 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 include chloroplatinic acid, tetraammine platinum
chloride, tetraammine platinum hydroxide, tetraammine 



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 or an impregnation method, the product is calcined. The calcination may be carried out in one
stage or two or more stages. [0058] 10When the calcination 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 for 0.5 to 5 hours and in the second stage at 400 to 600C 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. [0061] The
metals may be supported 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 compound may be used to support the metal on the
silicate. Alternatively, the GroupVIIIAmetal 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
support the zinc and the Group VIIIA metal on the silicate at the same time. 10[0062]        The catalyst
A for use 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 supported 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 is preferably 0.01 to 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 20        The metal molar ratio 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 to 30, and more preferably 1 to 20. [0065]        The supported amount in the catalyst
A indicates the proportion of the weight in terms of the metal atoms 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) in the catalyst A may be directly determined by an analytical
method using ICP. [0066] 15In the present invention, two kinds of the metals, i.e., 



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 (supported). 20[0067]        The catalyst A is loaded into a reactor in the following manner. The
catalyst A obtained by the aforementioned method is 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 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 does not alter the catalytic performance, and
the kneaded product may be shaped. Silica-based sintering agents may be typically used. Further, the
sintering agents may be 10selected from alumina-based agents, titania-based agents, zirconia-based
agents and diatomaceous earth-based agents. [0068]        The sintering is preferably performed at a
temperature in the range of 500 to 800C. Exemplary catalyst shapes are 15 tablets, extrudates,
pellets, spheres, microspheres, CDS extrudates, trilobes, guadlobes, rings, two-spoke rings, special
spoke rings such as FIGS, EW and LDP, rib rings and granules. [0069] 



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 catalyst A can be shaped without deteriorations of the properties and the catalytic performance
SF-2419 22 of the shaped catalyst A. In a preferred 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 is shaped, boron atoms are then removed and thereafter the metals are supported, in the
sequence such that boron 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 are removed from the
borosilicate, the metals are then supported and thereafter the catalyst is shaped, or in the sequence
such that boron atoms are removed from the borosilicate, zinc is then supported, the silicate is shaped
and thereafter the Group VIIIA metal is supported. 15[0070] [Hydrocarbons]        In the process for
producing unsaturated hydrocarbons according to 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 in the invention usually
have 2 to 20 carbon atoms. [0071]  SF-2419 23        The skeleton structures of the hydrocarbons are
not particularly limited, and any linear hydrocarbons 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 hydrocarbons include isobutane, isobutene, isopentane, isopentene, 2-methylpentane,
2-methylpentene, 3-methylpentane and 2,2-dimethylbutane. 10[0072] 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, 1-butene, 2-butene and
isobutene from n-butane, butadiene from n-butene, isobutene from isobutane, isoprene from
isopentane, and styrene from ethylbenzene. [0073] 20Examples of the materials that have the above
components include a fraction containing butane that 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 butadiene from a 04 fraction; a fraction containing pentane that results from the separation of
isoprene and pentene from a C5 fraction; and a fraction containing pentane and pentene that results
from the separation 5 of isoprene from a 05 fraction. Fractions that are returned to a naphtha cracking
furnace and reused as materials, or fractions that are used as fuels maybe used as the hydrocarbon
materials. Further, LPG (liquefied petroleum gas) that is easily available as fuel may be used as the
hydrocarbon 10 material. [0074]        The above-described materials may be used singly or may be
mixed in appropriate amounts. The materials are not limited to those described above, and may
contain other components 



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
hydrogen, carbon monoxide, carbon dioxide, methane and dienes. 20[0075]        When the material
used in the invention contains a plurality of 02-20 hydrocarbons, 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
separated and purified after the dehydrogenation. For example, in the case where LPG which is a
mixture of propane, n-butane and isobutane is used as the material, propane, 5 n-butane or isobutane
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[0076] [Dehydrogenation reaction]        The hydrocarbon described above is
brought into contact with the catalyst A. The contact induces a dehydrogenation reaction of the
hydrocarbon which forms a double bond between 15 the dehydrogenated carbon atoms, resulting in
an unsaturated hydrocarbon corresponding to the hydrocarbon. 



[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. The reduced zinc and Group VIIIA metal form an alloy which is considered to have high
catalytic performance in the dehydrogenation reaction. [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 dilution or may be 5 appropriately diluted with a diluent such as water or nitrogen. [0079]
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. [0080] 15From 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 800C, more preferably 400 to 700C, particularly preferably 450 to 650C, and most preferably
480 to 620C. 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  SF-2419 27 conversion of the hydrocarbon is decreased and the yield of the unsaturated
hydrocarbon in one path tends to be lowered. An excessively 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 efficiency, the reaction pressure in the dehydrogenation is preferably 0.01 to 1 MPa, more
preferably 0.05 to 0.8 MPa, and particularly 10preferably 0.1 to 0.5 MPa. [0083]        Because the
production process of the invention is usually carried out in a gas phase, the dehydrogenation reaction
is preferably performed in a continuous reactor. In such a case, 



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
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 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 carried out with such amounts. [0085] 5In the process for producing unsaturated
hydrocarbons according 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
advantageous 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. [0086] The inventors have found that the presence of water in 15
the dehydrogenation 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 molar times relative to the hydrocarbon as the material (water/hydrocarbon). If water is present
in an excessively  SF-2419 29 scarce amount, the effects such as suppressed rate of coking on the
catalyst A are not achieved, possibly resulting in a short catalytic life. Adding water in an excessively
large amount decreases the heat efficiency, and the energy-based reaction efficiency may be lowered.
[0088] 



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.
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] 20From the viewpoint 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  SF-2419 30 molecule). That is, the production process of the
invention is preferably a process for producing olefins and/o- dienes. [0091] 



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, isobutane, n-butene, isopentane and ethylbenzene. Butadiene and isoprene may be
manufactured simultaneously from butane and isopentane, 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
production 15 process of the invention 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 invention realizes
production of olefins and/or dienes at the industrial level. [0093] [Purification step]  SF-2419 31        In
performing the production process of the invention, the products, preferably olefins and/or dienes,
obtained at the reactor exit often contain hydrogen, the starting materials, 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
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 the scope of the invention. [0095] (Synthetic Example 1) Preparation 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 g of MFI borosilicate containing 3200 ppm of boron atoms which had been
prepared by the method described later in Synthetic Example 11. Thereafter, 900 ml of a 3 N aqueous
nitric acid solution 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. Thereafter,
the slurry liquid was cooled and filtered through a membrane filter (0.5 1.1m). The residue was washed
with 300 



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, 10 and 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, 8.7 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) 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
SF-2419 33 



method. [0099]        After impregnated with the solution, the powder was sufficiently agitated and was
calcined in air at 120C for 3 5 hours and at 500C for 4 hours. Thus, zinc-supported silicate was
prepared. [0100] (Synthetic Example 3) Preparation 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 ions were allowed to impregnate the silicate by the incipient wetness method. 15[0101]
After impregnated with the solution, the powder was sufficiently agitated and was calcined in air at
120C for 3 hours and at 500C for 4 hours. Thus, platinum- and zinc-supported silicate (catalyst 1) was
prepared. 20[0102]        The (supported) amount of platinum and the (supported) amount of zinc in the
catalyst 1 were determined by ICP-AES to be 0.32% by mass and 1.78% by mass, respectively. 



[0103]  SF-2419 34 (Synthetic Example 4) Preparation of platinum- and zinc-supported borosilicate
(catalyst 2)        Zinc-supported borosilicate was prepared in the same manner as in Synthetic
Example 2, except 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 that the zinc-supported silicate obtained in Synthetic Example 2 was replaced by the
zinc-supported borosilicate obtained above. 15[0105]        The (supported) amount of platinum and the
(supported) amount 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 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
Example 1. The zinc ions were allowed to impregnate the silicate by the incipient wetness method.
[0107] After impregnated with the solution, the powder 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- 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 zeolite obtained in 15 Synthetic Example 5. [0109] 



The (supported) amount of platinum and the (supported) amount of zinc in the catalyst 3 were
determined by ICP-AES to 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
SF-2419 36 deboronated silicate (zeol te) was replaced by MFI silicalite (silica/alumina ratio = 200000)
that originally contained no boron atoms. [0111] 5Platinum- and zinc-supported MFI silicalite (catalyst
4) 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 MFI silicalite obtained 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 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 replaced 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 Synthetic Example 6, except that the zinc-supported zeolite obtained in Synthetic
Example 5 was replaced by the zinc-supported borosilicate obtained above. 5[0115]        The
(supported) amount of platinum and the (supported) 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 (zeolite) was prepared in the same manner as in Synthetic Example 1, except that 9.23 g of the
MFI borosilicate (silica/alumina ratio = 200000) 15 containing 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] 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 5, except that the above silicate was used. Platinum- and zinc-supported silicate (catalyst 6)
was obtained in the same 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-ASS to be 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 solution 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-ASS (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  SF-2419 39 obtained in the same manner as in Synthetic Example 3, except that the
above zinc-supported borosilicate was used. [0122]            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, Teflon-lined stainless steel autoclave 



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. Further, 111 g of fumed silica (AEROSIL 380) was added. The mixture was stirred for a day
15 at room temperature. The resultant slurry liquid was 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 ammonium 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, filtered and washed. The solid residue was dried at 120C for 4 hours and calcined at
540C for 6 hours to give  SF-2419 40 white powder. The white powder was identified to have an MFI
crystal structure by X-ray powder diffractometry. The MEI borosilicate was analyzed by ICP-AES and
ICP-MS, resulting in a boron atom content of 3200 ppm and a silica/alumina ratio 5of 200000. [0124]
The properties of the catalysts 1 to 7 prepared in Synthetic Examples 1 to 11 are described in TABLE
1. [0125] 10[Table 1]   



SF-2419 42 [0126] (Measurement ofplatinumsurface area in synthesized catalysts)        The platinum
surface areas of the catalyst 3 and the borosilicate catalyst 5 were calculated from the amount of 5
carbon monoxide adsorbed on 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 monoxide adsorption 10 apparatus. At room temperature, the gas phase of the sample
tube was purged with helium gas and thereafter with hydrogen gas. The catalyst was then pretreated
by increasing the temperature to 600C in 30 minutes and holding the temperature at 600C 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 50C, and helium gas containing 10% by volume of
carbon monoxide was introduced 5 times (as 5 pulses) to the 



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 platinum in the catalyst 3 (Synthetic Example 6) and the catalyst 5 (Synthetic
Example 8) were 66.6 m2 and 27.5 m2, 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 borosilicate 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 zeolite crystal by other than the boron atom removal. In such
cases, the use of the borosilicate as the precursor is not compulsory. [0130] [Example 1] 



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, quartz sand 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 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-1). The reaction was performed at 0.15
MPa. After the start of the 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 temperature-controlled at 220C. [0133]        The quantitative 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 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 same applies to other Examples and Comparative
Examples that will be presented later. Butane conversion = ((n-butane concentration in 5 materials +
isobutane concentration in materials) - (n-butane concentration in products + isobutane concentration
in products))/(n-butane concentration in materials + isobutane concentration in materials) Butene
selectivity= (1-butene concentration in products 10 +2-butene concentration in products+ isobutene
concentration in products) / ( (n-butane concentration in materials + isobutane concentration in
materials) - (n-butane concentration in products + isobutane concentration in products - hydrogen
concentration in products)) 15Butadiene selectivity = butadiene concentration in products/((n-butane
concentration in materials + isobutane concentration in materials) - (n-butane concentration in
products + isobutane concentration in products - hydrogen concentration in products)) 20[0135] 



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
Synthetic Example 6. The results of the product analysis are described in TABLE 3. [0137]  



SF-2419 49 [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 mol/h) (i.e., water/n-butane molar ratio =
about 2). The results of the product analysis are described 10 in TABLE 4. [0139]    



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



[Example 5]        Dehydrogenation reaction was carried out in the same manner as in Example 3,
except that a n-butene/water mixture 5 gas was fed to 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 ratio = about 7.5). The results of the product
analysis are described in TABLE 6. 10[0143]        In Example 5, 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 dioxide,
and consequently the catalytic life was extended. [0144]    SF-2419 55 [0145] [Example 6] 



Dehydrogenation reaction was carried out in the same manner as in Example 1, except that the
catalyst I was replaced 5 by the catalyst 7. The results of the product analysis are described in TABLE
7. [0146]  5-6  SF-2419 57 [0147] [Example 7]        Dehydrogenation reaction was carried out in the
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 after the reaction was carried out for at least 120 hours. The selectivity of n-butene was
98%. [Example 8] 



10Dehydrogenation reaction was carried out 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 0.1 MPa. The feed rate of propane was 2 g/h (= about 0.045 mol/h). The results of the product
analysis are 15 described in TABLE 8.  58    cia 3-1 33-1 0 -H 0 31:1 >31  -V 110 
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59 [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]    SF-2419 61 [0150] [Comparative Example 2] 



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 the product 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] 
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U  U) CO  C  -H  ti  0 kw C-1 F111 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
hydrocarbons for a longer time (longer 5 catalytic life) than the borosilicate catalysts used without the
boron removal in Comparative Examples 1 and 3 or the 



(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 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 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 reaction system), Example 3 (water was present in the reaction system) andComparativeExample3
(water was present in the reaction system).  SF-2419 66 INDUSTRIAL APPLICABILITY [0157]
According to the inventive process for producing 



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 catalytic life than known dehydrogenation catalysts. 10[0156]        In particular, the production
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,
isopropyl alcohol and octanol;        1-butene and 2-butene which are useful as materials for sec-butyl
alcohol, butadiene and propylene; isobutene which is a highly valuable substance as a 20 material for
polyisobutylene, methacrolein, methyl methacrylate, methyl tert-butyl ether, ethyl tert-butyl ether,
dibutylhydroxytoluene and dibutylhydroxyanisole;        butadiene, producible from 1-burene or
2-butene as an intermediate, which is used as a feedstock for synthetic rubbers  SF-2419 67 



such as SBR and NBR, ABS resins and nylon 66; and        styrene, producible by the dehydrogenation
of ethylbenzene, which is useful as a feedstock for polystyrene that is a general resin. 5[0159]
According to the process for producing unsaturated hydrocarbons of the invention, the catalyst
regeneration frequency is 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] 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 



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 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. 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 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 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 0.01 to 15% by mass.           5. The process for producing unsaturated hydrocarbons
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 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. The process for producing unsaturated hydrocarbons
according to any one of claims 1 to 6, wherein the borosilicate is a MFI zeolite. 158.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  SF-2419 70 is at least one selected from the
group consisting of propane, n-butane, isobutane and isopentane. 11. The process for producing
unsaturated hydrocarbons 5 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 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 80000. 13. The process for producing unsaturated hydrocarbons 15 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 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 water.  SF-2419 71 according to claim 14, wherein the usage amount of 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 VIIIA metal on a silicate obtained by removing at least part of the boron atoms from a
borosilicate, and which catalyzes the dehydrogenation of a hydrocarbon into a corresponding
unsaturated hydrocarbon. 


