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Description

BACKGROOUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to a process for producing chlorine. More particularly, the present invention relates
to a process for producing chlorine by oxidizing hydrogen chloride with oxygen, wherein said process can produce
chlorine by using a catalyst having high activity in a smaller amount at a lower reaction temperature. The above invention
also relates to a process for producing chlorine by oxidizing hydrogen chloride, wherein said process can facilitate control
of the reaction temperature by making it easy to remove the reaction heat from catalyst bed using a catalyst having good
thermal conductibility, which can be formed by containing a compound having high thermal conductivity of a solid phase,
and can achieve high reaction conversion by keeping the whole catalyst bed at sufficient temperature for industrially
desirable reaction rate.

Description of the Related Art

[0002] It is well known that chlorine is useful as a raw material of vinyl chloride, phosgene, etc., and can be produced
by oxidizing hydrogen chloride. For example, the Deacon reaction by using a Cu catalyst is well known. For example,
British Patent No. 1,046,313 discloses a process for oxidizing hydrogen chloride by using a catalyst containing a ruthenium
compound, and also discloses that ruthenium (III) chloride is particularly effective among the ruthenium compounds.
Furthermore, a process for supporting a ruthenium compound on a carrier is also disclosed and, as the carrier, silica
gel, alumina, pumices and ceramic material are exemplified. As the Example, a ruthenium chloride catalyst supported
on silica is exemplified. However, a test was conducted using a catalyst prepared by using a process for preparing a
ruthenium (III) chloride supported on silica disclosed in said patent publication. As a result, the ruthenium compound as
a catalyst component is drastically volatilized and it was disadvantageous for industrial use. For example, European
Patent EP-0184413A2 discloses a process for oxidizing hydrogen chloride by using a chromium oxide catalyst. However,
conventionally known processes had a problem that the activity of the catalyst is insufficient and high reaction temperature
is required.
[0003] When the activity of the catalyst is low, a higher reaction temperature is required but the reaction of oxidizing
hydrogen chloride with oxygen to produce chlorine is an equilibrium reaction. When the reaction temperature, is high,
it becomes disadvantageous in view of equilibrium and the equilibrium conversion of hydrogen chloride decreases.
Therefore, when the catalyst has high activity; the reaction temperature can be decreased and, therefore, the reaction
becomes advantageous in view of equilibrium and higher conversion of hydrogen chloride can be obtained. In case of
the high reaction temperature, the activity is lowered by volatilization of the catalyst component. Also in this point of
view, it has been required to develop a catalyst which can be used at low temperature.
[0004] Both high activity per unit weight of catalyst and high activity per unit weight of ruthenium contained in the
catalyst are required to the catalyst, industrially. Since high activity per unit weight of ruthenium contained in the catalyst
can reduces the amount of ruthenium contained in the catalyst, it becomes advantageous in view of cost. It is possible
to select the reaction condition which is more advantageous in view of equilibrium by , conducting the reaction at a lower
temperature using a catalyst having high activity. It is preferred to conduct the reaction at a lower temperature in view
of stability of the catalyst.
[0005] The catalyst used in the oxidizing reaction of hydrogen chloride includes, for example, a supported ruthenium
oxide catalyst prepared by supporting ruthenium chloride on a carrier, drying the supported one, heating in a hydrogen
gas flow to form a supported metal ruthenium catalyst, and oxidizing the catalyst. When ruthenium chloride is reduced
with hydrogen, sintering of ruthenium occurs, which results in decrease of activity of the resulting catalyst.
[0006] A process for preparing ruthenium oxide supported on a carrier without causing sintering of ruthenium during
the preparation step of a catalyst is preferred. First, a process has been desired which is not a process for reducing at
high temperature by using hydrogen, but a process for preparing ruthenium oxide on a carrier with preventing sintering
by treating a ruthenium compound with a mixture of a basic compound and a reducing compound, or a mixture of an
alkali compound and a reducing compound, and oxidizing the treated one.
[0007] Second, a process has been desired which is a process for preparing ruthenium oxide on a carrier with preventing
sintering by oxidizing after passing through a state of an oxidation number of 1 to less than 4 valence without preparing
a ruthenium compound having an oxidation number of 0 valence by completely reduction.
[0008] Third, it has been desired to develop a catalyst preparing process which can obtain a highly active hydrogen
chloride oxidizing catalyst by passing through a preparation of a highly dispersed supported metal ruthenium catalyst,
when the preparation is carried out by supporting a ruthenium compound on a carrier, reducing the supported one in
order to prepare supported metal ruthenium catalyst, and oxidizing to prepare a supported ruthenium oxide catalyst,
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[0009] A supported ruthenium oxide catalyst obtained by using an anatase crystalline or non-crystalline titanium oxide
as a carrier was highly active to oxidation of hydrogen chloride, but it has been required to develop a catalyst having
higher activity.
[0010] In the case of a conventional carrier which the content of an OH group on the surface of titanium oxide is too
large or small, a catalyst having high activity was not obtained and the catalytic activity decreased sometimes as time
passed.
[0011] When the oxidizing reaction of hydrogen chloride is conducted at a higher reaction rate with conventionally
known catalysts, heat generated as a result of the high reaction rate can not be sufficiently removed and the temperature
of the catalyst bed increases locally and, therefore, the reaction temperature can not be easily controlled.
[0012] Furthermore, when the reaction is conducted by using these catalysts, a large temperature distribution occurs
in the catalyst bed and it is impossible to keep the whole system at sufficient temperature for industrially desirable
reaction rate without exceeding upper temperature limit for keeping high catalyst activity. Therefore, the reaction con-
version is lowered.
[0013] As a process for increasing the rate of removing heat generated during the reaction, for example, a process
for increasing a heat transfer area in contact with external coolant per volume of the catalyst bed is known. However,
when the heat transfer area becomes large , the cost of a reactor increases. On the other hand, when heat is removed
by cooling the catalyst bed from outside, heat transfers to an external coolant through the catalyst bed and the heat
transfer surface. When the thermal conductivity of the catalyst is improved, the heat removing rate increases. Therefore,
it has been required to develop a catalyst having good thermal conductibility, which can increase the heat removing
rate, to avoid difficulty of control of the reaction temperature.
[0014] It is generally considered that, when a carrier supporting an active component of the catalyst is mixed with an
inactive component at the ratio of 1:1, the activity per volume or per weight reduced to half. Therefore, it is required to
develop a catalyst having good thermal conductivity as described above and further to develop a catalyst having high
activity which the activity of the catalyst per volume or per weight does not decrease.
[0015] It is known that, since a supported catalyst is generally prepared by supporting on a carrier having porediameters
of from 30 to 200 angstroms, the rate-determining step of the reaction is controlled by the catalyst pore diffusion control
and it is difficult to improve the activity of the catalyst. Therefore, it has been required to develop a catalyst having
macropores which the inside of the catalytic particles can be utilized.
[0016] As a result, since the reaction proceeds in the vicinity of the outer surface of the catalytic particles, it is considered
that ruthenium oxide supported on the outer surface of the carrier is used in the reaction but ruthenium oxide supported
in the catalytic particles is not used in the reaction. Therefore, it has been required to develop a catalyst obtained by
supporting ruthenium oxide on the outer surface of the catalyst.
[0017] It is also known that a ruthenium oxide catalyst is useful as a catalyst in process for preparing chlorine by an
oxidizing reaction of hydrogen chloride and is obtained by hydrolyzing ruthenium chloride, oxidizing the hydrolyzed one,
and calcining the oxidized one. For example, European patent EP-0743277A1 discloses that a ruthenium oxide catalyst
supported on titanium oxide is obtained by hydrolyzing a ruthenium compound by using an alkali metal hydroxide,
supporting the hydrolyzed one on titanium hydroxide, and calcining the supported one under air. The present inventors
have found that the supported ruthenium oxide catalyst is obtained by oxidizing a supported metal ruthenium catalyst.
As a process for preparing the supported metal ruthenium catalyst, for example, it is known that a process for preparing
a supported metal ruthenium catalyst by supporting ruthenium chloride on a carrier, drying the supported one, and
heating the dried one in a hydrogen gas flow. However, there was a problem that a supported ruthenium oxide catalyst
prepared by oxidizing a catalyst reduced by hydrogen has low activity due to sintering of ruthenium when ruthenium
chloride is reduced with hydrogen.
[0018] A process for preparing ruthenium oxide supported on a carrier with preventing sintering has been required.
First, a process has been desired which is not a process for reducing at high temperature by using hydrogen, but for
treating a ruthenium compound with a mixture of a reducing compound and a basic compound, or a mixture of an alkali
compound and a reducing compound, and oxidizing the treated one.
[0019] Second, a process has been desired which is a process for preparing ruthenium oxide on a carrier with preventing
sintering by oxidizing after passing through a state of an oxidation number of 1 to less than 4 valence without preparing
a ruthenium compound having an oxidation number of 0 valence by completely reduction .
[0020] In general, it is difficult to reduce the ruthenium compound with a reducing compound, unlike platinum and
palladium. For example, because of this , there is a problem that a supported ruthenium oxide catalyst prepared by
oxidizing after adding hydrazine to ruthenium chloride has low activity because of a formation of complex by adding
hydrazine to ruthenium chloride.
[0021] A supported ruthenium oxide catalyst obtained by using an anatase crystalline or non-crystalline titanium oxide
as a carrier was highly active to oxidation of hydrogen chloride, but it has been required to develop a catalyst having
higher activity.
[0022] In the case of a content of an OH group on the surface of titanium oxide which is a conventional carrier is too
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large or small, a catalyst having high activity was not obtained and the catalytic activity decreased sometimes as time
passed.
[0023] It is known that the rate-determining step of the reaction is under the catalyst pore diffusion control and it is
difficult to improve the activity of the catalyst since a supported catalyst is generally prepared by supporting on a carrier
having pore diameters of from 30 to 200 angstroms. As a result, it is considered that ruthenium oxide supported on the
outer surface of the carrier is used in the reaction but ruthenium oxide supported in the catalytic particles is not used in
the reaction since the reaction proceeds in the vicinity of the outer surface of the catalytic particles. Therefore, it has
been required to develop a technique for supporting ruthenium oxide on the outer surface of the catalyst.

SUMMARY OF THE INVENTION

[0024] It is an object of the present invention is to provide a process for producing chlorine by oxidizing hydrogen
chloride with oxygen, wherein said process can produce chlorine by using a catalyst having high activity in a smaller
amount at a lower reaction temperature. One of the above object of the present invention to provide a process for
producing chlorine by oxidizing hydrogen chloride, wherein said process can facilitate control of the reaction temperature
by making it easy to remove the reaction heat from catalyst bed using a catalyst having good thermal conductivity, which
can be formed by containing a compound having high thermal conductivity in solid phase, and can attain high reaction
conversion by keeping the whole catalyst bed at sufficient temperature for industrially desirable reaction rate capable
of oxidizing hydrogen chloride.
[0025] That is, the present invention relates to a process for producing chlorine which comprises oxidizing hydrogen
chloride with oxygen, wherein said process uses a catalyst system containing the following components (A), and not
less than 10% by weight of component (B):

(A) an active component of catalyst;
(B) a α-alumina having a thermal conductivity as a solid phase measured by at least one point within a range from
200 to 500°C not less than 4 W/m. °C; and

(i) wherein the catalyst system is a catalyst made by integrally molding a component (A) and a component (B)
and optionally a catalyst carrier component to provide a molding; or
(ii) wherein the catalyst system comprises both a first molding made by integrally molding the component (A)
with a catalyst carrier component and a second molding containing a component (B).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0026] The catalyst system of the present invention is a catalyst system containing at least the following component
(A) and (B), wherein the content of the component (B) in the catalyst system is not less than 10% by weight:

(A) an active component of catalyst; and
(B) an α-alumina having a thermal conductivity as a solid phase measured by at least one point within a range from
200 to 500°C is not less than 4 W/m. °C; and

(i) wherein the catalyst system is a catalyst made by integrally molding a component (A) and a component (B)
and optionally a catalyst carrier component to provide a molding; or
(ii) wherein the catalyst system comprises both a first molding made by integrally molding the component (A)
with a catalyst carrier component and a second molding containing a component (B).

[0027] The catalyst system in the present invention means any packing solid capable of forming a catalyst bed layer.
For example, the catalyst includes not only particles containing an active component of the catalyst, but also particles
of an inactive component containing no catalytic active component. The catalyst bed layer includes fixed bed and fluidized
bed.
[0028] The catalyst in the present invention means a molding and a powder which contain a catalytic active component ,
and doesn’t mean an inactive molding and an inactive powder included in a catalyst bed.
[0029] As the above active component of the catalyst as the component (A) in the present invention, for example,
copper, chromium, ruthenium, and a compound thereof are known.
[0030] The content of the component (A) in the catalyst is preferably from 0.1 to 90% by weight, and more preferably
from 0.2 to 80% by weight. When the content of the component (A) is too small, the activity of the catalyst may be
lowered. On the other hand, when the content of the component (A) is too large, the cost of the catalyst may become high.
[0031] The example of the above active component of catalyst (A) include ruthenium compound. When using a ru-
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thenium compound , a catalysts having high activity can be prepared, so the ruthenium compound is preferable. The
more preferable example include ruthenium oxide. A catalyst having higher activity can be prepared by using ruthenium
oxide.
[0032] In the view of the catalyst activity, it is preferable that a component (A) is a component supported on the catalyst
carrier component or a component (B). For example, in the case of a component (A) is an expensive noble metal
compound such as ruthenium, large effects can be realized in the cost of the catalyst by supporting a component (A)
on the catalyst carrier component or the component (B) because the catalyst activity increases by supporting a small
amount of noble metal.
[0033] More preferable example includes supported ruthenium oxide catalyst on the catalyst carrier component or the
component (B).
[0034] The component (B) in the present invention is an α alumina having a thermal conductivity of a solid phase
measured by at least one point within a range from 200 to 500°C is not less than 4 w/m.°C.
[0035] The thermal conductivity of compounds of the solid phase in the present invention means the thermal conductivity
measured in the state of continuum (continuous phase) such as a crystal, an amorphous solid, a glass. For example,
in the case of the compound is a crystal, thermal conductivity is measured in the phase of crystal solid.
[0036] The thermal conductivity of the solid phase is described, for example, in Latest Oxide Handbook-Physiochemical
Properties-, (published by Moscow Metallurgical Publication, 1978), Thermophysical PROPERTIES of High Temperature
Solid Metals (Oxides and Their solutions and Mixtures) (published by The Macmillan Company, 1967).
[0037] The thermal conductivity of the solid phase is preferably higher. It is necessary not less than 4 w/m.°C.And it
is further preferably not less than 15 w/m.°C.
[0038] When an inactive component is added, the activity of the catalyst is sometimes lowered. However, by selecting
an additive capable of improving the thermal conductibility with maintaining the activity of the catalyst, the reaction can
be conducted in more industrially advantageous manner. The thermal conductibility can be improved with maintaining
the activity of the catalyst by adding α-alumina as component (B) in view of the activity of the catalyst includes α-alumina.
[0039] It is necessary the content of the component (B) is not less than 10% by weight, and preferably not less than
20% by weight.
[0040] By using a catalyst containing not less than 10% by weight of the component (B), the reaction heat is sufficiently
removed, thereby making it easy to control the reaction temperature. Since the whole catalyst bed can be utilized at the
temperature capable of oxidizing hydrogen chloride at an industrially sufficient reaction rate, high reaction conversion
can be realized.
[0041] The catalyst carrier component in the present invention is as follows. The examples thereof include oxides and
mixed oxides of elements, such as titanium oxide, alumina, zirconium oxide, silica, titanium mixed oxide, zirconium
mixed oxide, aluminum mixed oxide, silicon mixed oxide and the like. Titanium oxide is the most preferable catalyst
carrier component among the above example because the catalyst has high catalytic activity by using a ruthenium
compound as an active component of catalyst (A). The catalyst carrier component may be a compound wherein thermal
conductivity of a solid phase measured by at least one point with in a range from 200 to 500°C is not less than 4 w/m.
°C. For example, in the case of titanium oxide, there exists rutil crystal titanium oxide, anatase crystal titanium oxide,
etc. Thermal conductivity of rutil titanium oxide of a solid phase measured at 200°C is 7.5 W/m.°C. And in the case of
alumina, there exists α-alumina, γ-alumina, etc. Thermal conductivity of α-alumina of a solid phase measured at 200 °C
is 23 W/m.°C. However, the thermal conductivity of zirconium oxide of a solid phase measured at 400°C is 2.05 W/m.
°C. Therefore the catalyst carrier component may include a part of component (B). In the case of silicon nitride, the
thermal conductivity of a solid phase measured at 200°C is 24 W/m.°C, but it is not regarded as a catalyst carrier
component because silicon nitride has too small surface area to support an active component of catalyst (A). Therefore,
the component which can’t support an active component (A) is not a catalyst carrier component. As mentioned above,
the catalyst carrier component may include a part of component (B).
[0042] The catalyst system in the present invention contains not less than 10% by weight of a component (B) because
the thermal conductibility improve by containing the component (B). The catalyst system preferably contains not less
than 20% by weight of a component (B) because the thermal conductibility can be much improved.
[0043] Examples of the shape of the carrier of the catalyst in the case of supporting the active component of the
catalyst includes powder, sphere, column, extruded shape and those obtained by spray drying process. In the case of
the powder, a process of using the powder after molding into sphere, column, extruded shape and the like is generally
used so as to use the powder industrially.
[0044] Next the catalyst system which contains the component (B) in the present invention will be explained. The
catalyst system comprises two components such as the component (A) and the component (B), or comprises three
components such as the component (A), the component (B) and the catalyst carrier component. And the catalyst system
can contain the other component such as an inorganic binder which is used for a molding aid.
[0045] First embodiment includes a process of using a catalyst made of a molding containing the components (A) and
(B) obtained by integrally molding. For example, the catalyst preparation includes the steps which comprises mixing an
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active component of catalyst (A) with component (B), molding the components by using an inorganic binder, and calcining.
The resulting catalyst is preferable catalyst being easily charged in a reactor because of integrally molding.
[0046] The process of using a catalyst made of a molding containing the component (A), the component (B) and
catalyst carrier component obtained by integrally molding is exemplified. For example, the catalyst preparation method
includes the steps which comprises mixing an active component (A) with fine particle of catalyst carrier component
resulted in high surface area catalyst, mixing the resulted one with component (B), molding the component by using
inorganic binder, and calcining. The resulting catalyst is preferable as the catalyst is molded integrally and the catalytic
activity is improved.
[0047] The catalyst made of a molding containing the component (A) supported on a component (B) is exemplified.
The catalyst preparation method include the steps which comprises supporting a component (A) on a component (B)
which have high surface area, wherein a supported one has high catalytic activity , molding the resulted one by using
inorganic binder, and calcining. The resulting catalyst is preferable as the catalyst has high activity, good thermal con-
ductibility, and easily charges into a reactor because of integrally molding.
[0048] The catalyst made of a molding containing a component (A) supported on a catalyst carrier component and
component (B) is exemplified. The catalyst preparation method includes the steps which comprises supporting a com-
ponent (A) on a catalyst carrier component having high surface area, mixing the resulted one with component (B),
molding the mixed one by using inorganic binder integrally, and calcining. The resulting catalyst is more preferable as
the catalyst has high catalytic activity, good thermal conductibility.
[0049] The catalyst made of a molding containing a component (A) supported on a mixture of a catalyst carrier
component with a component (B) is exemplified. The catalyst preparation method includes the steps which comprises
mixing catalyst carrier component with a component (B), molding the resulted one by using inorganic binder integrally,
calcining the molded one, and supporting a component (A) on the calcined one. The resulting catalyst is more preferable
as the catalyst has high catalytic activity, good thermal conductibility.
[0050] A second embodiment includes a process using a catalyst system comprising both of a molding containing the
component (A) and (B) obtained by integrally molding and a molding containing the component (B) obtained by integrally
molding. For example, the catalyst system is a mixture of the two moldings’. The preparation method of one molding of
the catalyst includes the steps which comprises mixing.a component (A) with a component (B), molding the components
by using inorganic binder integrally, calcining. The preparation method of another molding includes the steps which
comprises molding the component (B) by using inorganic binder integrally, calcining. The resulting catalyst system is
preferable as the catalyst system shows good thermal conductibility. The molding containing a component (A) and a
component (B) integrally is exemplified in the first embodiment.
[0051] The method includes a process of using a catalyst system comprising both of a molding containing a component
(A) and catalyst carrier component obtained by integrally molding and a molding containing a component (B) obtained
by integrally molding. One example of the catalyst system is a mixture of the two moldings . The preparation method of
one molding of the catalyst includes the steps which comprises supporting a component (A) on a catalyst carrier com-
ponent, molding the supported one by using inorganic binder integrally, calcining. The preparation of another molding
include the steps which comprises molding a component (B) by using inorganic binder integrally, calcining. This example
of the catalyst system is a preferable example as the catalyst system show high catalytic activity, and good thermal
conductibility. Generally the catalyst system obtained by mixing the sphere molding of α-alumina with the sphere molding
which comprises a component (A), a catalyst carrier component is more preferable as the catalyst system has good
thermal conductibility.
[0052] Among the above catalysts, preferable one is a catalyst which the component (A) is a component containing
ruthenium. More preferable one is a catalyst which the component (A) is ruthenium oxide.
[0053] Among the above catalysts, preferable one is a catalyst which the carrier of the catalyst is titanium oxide.
[0054] The catalyst used in the present invention is a catalyst capable of producing chlorine by oxidizing hydrogen
chloride with oxygen. Preferable catalyst includes, for example, catalyst containing copper as an active component of
the catalyst, such as Deacon catalyst; catalyst containing chromium as an active component of the catalyst, such as
chromia-silica catalyst; and catalyst containing ruthenium as an active component of the catalyst. More preferable catalyst
is a catalyst containing ruthenium. Since ruthenium is expensive, a catalyst containing a supported ruthenium catalyst
supported on the carrier of the catalyst is a more preferable catalyst.
[0055] The supported ruthenium catalyst includes, for example, supported ruthenium oxide catalyst, supported metal
ruthenium catalyst, and catalyst obtained by supporting a ruthenium compound.
[0056] As the supported ruthenium catalyst, a supported ruthenium oxide catalyst is preferred because high activity
can be obtained by low Ru content. The carrier of the supported ruthenium catalyst includes oxides and mixed oxides
of elements, such as titanium oxide, alumina, zirconium oxide, silica, titanium mixed oxide, zirconium mixed oxide,
aluminum mixed oxide, silicon mixed oxide and the like. Preferable catalyst carrier components are titanium oxide,
alumina, zirconium oxide and silica, and more preferable catalyst carrier component is titanium oxide, and most preferable
carrier is titanium oxide having rutile crystalline structure.
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[0057] The supported ruthenium oxide catalyst will be explained below. A weight ratio of ruthenium oxide to the carrier
of the catalyst is usually within a range from 0.1/99.9 to 20.0/80.0, preferably from 0.2/99.8 to 15.0/85.0, and more
preferably from 0.5/99.5 to 10.0/90.0. When the proportion of the ruthenium oxide is too low, the activity is lowered
sometimes. On the other hand, when the proportion of ruthenium oxide is too high, the price of the catalyst becomes
high sometimes. Examples of the ruthenium oxide to be supported include ruthenium dioxide, ruthenium hydroxide and
the like.
[0058] The process of preparing a supported ruthenium oxide will be explained below.
[0059] The process of preparing a catalyst includes various processes, and four kinds of preparation process will be
shown as an embodiment. A catalyst having high thermal conductibility can be used in the present invention, and a
process of increasing the thermal conductibility of the catalyst includes a process for preparing a catalyst by mixing a
compound having high thermal conductivity. The catalyst carrier component includes various compounds , but the
embodiment using titanium oxide is exemplified. The catalyst is prepared by supporting a ruthenium compound on the
catalyst carrier component , but the ruthenium compound to be supported varies depending on the preparation process.
Now the embodiment using ruthenium chloride is exemplified.
[0060] The first embodiment of four kinds of the preparation processes is a process which comprises uniformly mixing
a titanium oxide powder with an α -alumina powder, adding a titanium oxide sol, and molding a carrier of a catalyst. The
proportion of the titanium oxide sol to be mixed is preferably within a range from 3 to 30% by weight in terms of titanium
oxide in the titanium oxide sol, based on the weight of the titanium oxide and α -alumina. The molding process includes
process of molding into a spherical shape and a process of extrusion molding. The molded object is dried and then
calcined under air to prepare a carrier of a catalyst. The calcination temperature is preferably within a range from 300
to 800°C. At this stage, a carrier having high thermal conductibility can be obtained. Then, an aqueous solution of
ruthenium chloride is supported by impregnation. The amount of ruthenium chloride to be used corresponds to a preferable
ratio of the ruthenium oxide to the carrier of the catalyst. Then, the supported one is dried. A supported ruthenium oxide
catalyst is prepared by reducing the dried one with a reducing hydrogenated compound such as sodium boron hydride,
and oxidizing, or prepared by treating the dried one with a reducing compound such as hydrazine, and oxidizing. The
preparation process will be explained in detail hereinafter.
[0061] The second embodiment of four kinds of the preparation processes is a process which comprises, uniformly
mixing a titanium oxide powder with an α-alumina powder, and supporting an aqueous ruthenium chloride by impreg-
nation. The amount of the ruthenium chloride to be used corresponds to a preferable ratio of the ruthenium oxide to the
carrier of the catalyst. Then, the supported one is dried. The dried one is reduced with a reducing hydrogenated compound
such as sodium boron hydride or treated with a reducing compound such as hydrazine. The preparation process will be
explained in detail hereinafter. Then, a titanium oxide sol is added and a carrier of the catalyst is molded. The proportion
of the titanium oxide sol is the same proportion as that shown in the first embodiment. Then, a catalyst is prepared by
drying the molded one, calcining under air to oxidize ruthenium, and washing with water in the same manner as the
process of preparing the supported ruthenium oxide catalyst, which will be explained in detail hereinafter. At this stage,
a catalyst having good thermal conductibility can be obtained.
[0062] The third embodiment of four kinds of the preparation processes is a process which comprises supporting an
aqueous solution of ruthenium chloride on a powder of titanium oxide by impregnation. The amount of the ruthenium
chloride to be used corresponds to a preferable ratio of the ruthenium oxide to the carrier of the catalyst. Then, the
supported one is dried. The dried one is reduced with a reducing hydrogenated compound such as sodium boron hydride
or treated with a reducing compound such as hydrazine. The preparation process will be explained in detail hereinafter.
Then, α-alumina is uniformly mixed. Then, a titanium oxide sol is added and a carrier of the catalyst is molded. The
proportion of the titanium oxide sol is the same proportion as that shown in the first embodiment. Then, a catalyst is
prepared by drying the molded one, calcining under air to oxidize ruthenium, and washing with water in the same manner
as the process of preparing the supported ruthenium oxide catalyst, which will be explained in detail hereinafter. At this
stage, a catalyst having good thermal conductibility can be obtained.
[0063] The fourth embodiment of four kinds of the preparation processes is a process which comprises supporting an
aqueous solution of ruthenium chloride on a powder of titanium oxide by impregnation. The amount of the ruthenium
chloride to be used corresponds to a preferable ratio of the ruthenium oxide to the carrier of the catalyst. Then, the
supported one is dried. The dried one is reduced with a reducing hydrogenated compound such as sodium boron hydride
and then oxidized to prepare a supported ruthenium oxide catalyst. Alternatively, the dried one is treated with a reducing
compound such as hydazine and then oxidized to prepare a supported ruthenium oxide catalyst. The preparation process
will be explained in detail hereinafter. Then, α-alumina is uniformly mixed. Then, a titanium oxide sol is added and a
carrier of the catalyst is molded. The proportion of the titanium oxide sol is the same proportion as that shown in the first
embodiment. Then, the molded one is dried and then calcined under air. The calcination temperature is preferably within
a range from 300 to 600°C. Then, the calcined one is washed with water to prepare a catalyst. At this stage, a catalyst
having good thermal conductibility can be obtained.
[0064] The process for preparing a supported ruthenium oxide catalyst used in the present invention includes a process
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for preparing a supported ruthenium oxide catalyst by supporting a ruthenium compound on a carrier of a catalyst,
reducing the supported one by using a reducing hydrogenated compound such as sodium boron hydride, and oxidizing,
or a process for preparing a supported ruthenium oxide catalyst by treating a ruthenium compound by using a reducing
compound such as hydrazine, and oxidizing, for example, processes for preparing the catalysts (1), (2) and (3) described
in more detail below.
[0065] The first embodiment of the process for preparing a supported ruthenium oxide catalyst used in the present
invention includes a process for preparing a supported ruthenium oxide catalyst by reducing a ruthenium compound
supported on a carrier of a catalyst by using a reducing hydrogenated compound, and oxidizing.
[0066] The ruthenium compound to be supported on the carrier of the catalyst includes the same compounds as those
listed with respect to the catalysts (1), (2) and (3) .
[0067] The reducing hydrogenated compound used for reducing the ruthenium compound supported on the carrier of
the catalyst includes the same compounds as those listed with respect to the catalyst (3).
[0068] The second embodiment of the process for preparing a supported ruthenium oxide catalyst used in the present
invention includes a process for preparing a supported ruthenium oxide catalyst by reducing a ruthenium compound
supported on a carrier of a catalyst by using a reducing compound, and oxidizing.
[0069] The ruthenium compound to be supported on the carrier of the catalyst includes the same compounds as those
listed with respect to the catalysts (1), (2) and (3).
[0070] The reducing compound used for treating the ruthenium compound supported on the carrier of the catalyst
includes the same compounds as those listed with respect to the catalysts (1) and (2).
[0071] Catalyst (1) used in the present invention is a supported ruthenium oxide catalyst obtained by the steps which
comprises supporting a ruthenium compound on a carrier, treating the supported one by using a basic compound,
treating by using a reducing compound, and oxidizing the resulting one. In general, said catalyst is industrially used in
the form of being supported on a carrier.
[0072] The supported ruthenium oxide catalyst (2) used in the present invention is a supported ruthenium oxide catalyst
obtained by the steps which comprises supporting a ruthenium compound on a carrier, treating the supported one by
using a reducing agent to form ruthenium having an oxidation number of 1 to less than 4 valence, and oxidizing the
resulting one.
[0073] The process for preparing the supported ruthenium oxide catalyst used in the oxidizing reaction of hydrogen
chloride include various processes. For example, a process for preparing a catalyst comprising ruthenium oxide having
an oxidation number of 4 valence supported on a carrier can be prepared by supporting ruthenium chloride on a carrier,
hydrolyzing the supported one by using an alkali, and calcining under an air. Alternatively, a process for preparing a
catalyst comprising supported ruthenium oxide having an oxidation number of 4 valence can also be prepared by
supporting ruthenium chloride on a carrier, reducing the supported one by using various reducing agents to form ruthenium
having a valence of 0, and calcining under an air. It is also possible to exemplify a preparation example of a supported
ruthenium oxide catalyst comprising supported ruthenium oxide having an oxidation number of 4, which is prepared by
supporting ruthenium chloride on a carrier, treating the supported one by using a mixed solution of various reducing
compounds and basic compounds, or treating by using an aqueous alkali solution of a reducing compound, or treating
by using various reducing agents, thereby to form a ruthenium compound having an oxidation number of 1 to less than
4 valence, and calcining under an air. The catalyst prepared by this preparation process can be exemplified as a
preparation example which is most active to the oxidizing reaction of hydrogen chloride. The process of adjusting the
oxidation number of the ruthenium compound supported on the carrier within a range from 1 to less than 4 valence
includes various processes, for example, process of treating by using a mixed solution of a reducing compound and a
basic compound, process of treating by using an alkali solution of a reducing compound, process of treating by using
an organolithium compound, an organosodium compound or an organopotassium compound, process of treating by
using an organoaluminum compound, process of treating by using an organomagnesium compound, and process of
treating by using hydrogen. When using these reducing agents in an excess amount, the ruthenium compound is reduced
to the valence of 0 and, therefore, it is necessary to use a suitable amount.
[0074] The process of measuring the oxidation number of the supported ruthenium includes various processes. For
example, since nitrogen is mainly generated when using hydrazine as the reducing agent, the valence number of ruthe-
nium can be determined by the amount of nitrogen generated.
[0075] The reaction scheme will be shown below.

4RuCl3 + 3N2H4 + 120H- →4Ru0 + 12Cl- + 12H2O + 3N2 (1)

or

4RuCl3 + 3N2H4 → 4Ru0 + 12Cl- + 12Cl- + 3N3
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[0076] For example, when the ruthenium compound is reduced by using hydrazine under the conditions of an aqueous
alkali solution, a hydroxide of ruthenium is formed. Therefore, the oxidation number of ruthenium can be determined by
measuring a ratio of ruthenium to oxygen or chlorine binding to ruthenium due to elemental analysis after dehydration
under vacuum. When using ruthenium chloride as the ruthenium compound, a hydroxide and a chloride of ruthenium
are formed. Therefore, the oxidation number of ruthenium can also be determined by measuring a ratio of ruthenium to
oxygen and chlorine binding to ruthenium due to elemental analysis after dehydration under vacuum.
[0077] The oxidation number of ruthenium was determined from the amount of nitrogen generated by using the scheme
(1).
[0078] The common part with the catalysts (1) and (2) will be explained.
[0079] The carrier includes, for example, oxides and mixed oxides of elements, such as titanium oxide, alumina,
zirconium oxide, silica, titanium mixed oxide, zirconium mixed oxide, aluminum mixed oxide, silicon mixed oxide and
the like. Preferable carriers are titanium oxide, alumina, zirconium oxide and silica, and more preferable carrier is titanium
oxide.
[0080] The ruthenium compound to be supported on the carrier include compounds, for example, ruthenium chloride
such as RuCl3 and RuCl3 hydrate; chlororuthenate such as K3RuCl6, [RuCl6]3- and K2RuCl6; chlororuthenate hydrate
such as [RuCl5(H2O)4]2- and [RuCl2(H2O)4]+; salt of ruthenic acid, such as K2RuO4; rutheniumoxy chloride such as
Ru2OCl4, Ru2OCl5 and
Ru2OCl6; salt of rutheniumoxy chloride, such as K2Ru2OCl10 and CsRu2OCl4; ruthenium-ammine complex such as (Ru
(NH3)6]2+, [Ru(NH3)6)3+ and (Ru(NH3)5H2O)2+; chloride and bromide of ruthenium-ammine complex, such as [Ru
(NH3)5Cl]2+, (Ru(NH3)6]Cl2, [Ru(NH3)6]Cl3 and [Ru(NH3)6]Br3; ruthenium bromide such as RuBr3 and RuBr3 hydrate;
other ruthenium-organoamine complex; ruthenium-acetylacetonato complex; ruthenium-carbonyl complex such as Ru
(CO)5 and Ru3(CO)12; ruthenium organic acid salt such as [RU3O(OCOCH3)6(H2O)3]OCOCH3 hydrate and Ru2
(RCOO)4Cl(R = C1-3 alkyl group); ruthenium-nitrosyl complex such as K2[RuCl5(NO))], [Ru(NH3)5(NO)]Cl3, [Ru(OH)
(NH3)4(NO)](NO3)2 and Ru(NO)(NO3)3; and ruthenium-phosphine complex. Preferable compounds are ruthenium halide
compounds, for example, ruthenium chloride such as RuCl3 and RuCl3 hydrate and ruthenium bromide such as RuBr3
and RuBr3 hydrate. More preferred one is a ruthenium chloride hydrate.
[0081] The process of supporting the ruthenium compound on the carrier includes, for example, impregnation process
and equilibrium adsorption process.
[0082] The reducing compound used for treating the ruthenium compound supported on the carrier includes, for
example, hydrazine, methanol, ethanol, formaldehyde, hydroxylamine or formic acid, or an aqueous solution of hydrazine,
methanol, ethanol, formaldehyde, hydroxylamine or formic acid, or a solution of an organic solvent such as alcohol.
Preferred are hydrazine, methanol, ethanol, formaldehyde, and solutions of hydrazine, methanol, ethanol and formal-
dehyde. More preferred are hydrazine and a solution of hydrazine. The reducing compound used for treating the ruthenium
compound supported on the carrier includes, for example, a compound having a redox potential of -0.8 to 0. 5 V, a
solution thereof, and a solution of an organic solvent such as alcohol. Now a standard electrode potential is used in
place of the redox potential. Among the compounds listed above, a standard electrode potential of hydrazine is - 0.23
V, that of formaldehyde is 0.056 V and that of formic acid is -0.199 V, respectively. It is also a preferable process to use
an aqueous alkali solution of the reducing compound.
[0083] The basic compound listed as the catalyst (1) includes, for example, ammonia; amine such as alkyl amine,
pyridine, aniline, trimethylamine and hydroxyl amine; alkali metal hydroxide such as potassium hydroxide, sodium hy-
droxide and lithium hydroxide; alkali metal carbonate such as potassium carbonate, sodium carbonate and lithium
carbonate; and hydroxide of quaternary ammonium salt.
[0084] The basic compound for preparing the catalyst (2) includes, for example, ammonia; amine such as alkyl amine,
pyridine, aniline, trimethylamine and hydroxyl amine; alkali metal hydroxide such as potassium hydroxide, sodium hy-
droxide and lithium hydroxide; alkali metal carbonate such as potassium carbonate, sodium carbonate and lithium
carbonate; hydroxide of quaternary ammonium salt; and alkyl aluminum such as triethyl aluminum.
[0085] The process of treating the ruthenium compound supported on the carrier by using a reducing compound
includes, for example, a process of supporting a ruthenium compound on a carrier, drying the supported one, and dipping
the dried one in a reducing compound or a solution of a reducing compound, or impregnating with a reducing compound
or a solution of a reducing compound. A process of dipping in an alkali solution of a reducing compound is also a
preferable process.
[0086] A process of treating by using a reducing compound or an alkali solution of the reducing compound, and adding
an alkali metal chloride is also a preferable process.
[0087] The process of oxidizing includes, for example, process of calcining under air.
[0088] A weight ratio of ruthenium oxide to the carrier is preferably within a range from 0.1/99.9 to 20.0/80.0, more
preferably from 0.5/99.5 to 15.0/85.0, and most preferably from 1.0/99.0 to 15.0/85.0. When the ratio of ruthenium oxide
is too low, the activity is lowered sometimes. On the other hand, when the ratio of ruthenium oxide is too high, the price
of the catalyst becomes high sometimes. Examples of the ruthenium oxide to be supported include ruthenium dioxide,
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ruthenium hydroxide and the like.
[0089] The embodiment of the process for preparing the supported ruthenium oxide catalyst used in the present
invention include a preparation process comprising the following steps:

a ruthenium compound supporting step: step of supporting a ruthenium compound on a carrier of a catalyst;
an alkali treating step: step of adding an alkali to one obtained in the ruthenium compound supporting step;
a reducing compound treating step: step of treating one obtained in the alkali treating step by using a reducing
compound; and
an oxidizing step: step of oxidizing one obtained in the reducing compound treating step.

[0090] It is also preferred to use an aqueous alkali solution of a reducing compound to simultaneously conduct the
alkali treating step and the reducing compound treating step in the above step.
[0091] Preferred embodiment of the process of preparing the supported ruthenium oxide catalyst used in the present
invention include a preparation process comprising the following steps:

a ruthenium halide compound supporting step: step of supporting a ruthenium halide compound on a carrier of a
catalyst;
an alkali treating step: step of adding an alkali to one obtained in the ruthenium halide compound supporting step;
a reducing compound treating step: step of treating one obtained in the alkali treating step by using hydrazine,
methanol, ethanol or formaldehyde; and
an oxidizing step: step of oxidizing one obtained in the reducing compound treating step.

[0092] It is also preferred to use an aqueous alkali solution of a reducing compound to simultaneously conduct the
alkali treating step and the reducing compound treating step in the above step.
[0093] More preferred embodiment of the process of preparing the supported ruthenium oxide catalyst used in the
present invention include a preparation process comprising the following steps:

a ruthenium halide supporting step: step of supporting ruthenium halide on a carrier of a catalyst;
an alkali treating step: step of adding an alkali to one obtained in the ruthenium halide supporting step;
a hydrazine treating step: step of treating one obtained in the alkali treating step by using hydrazine; and
an oxidizing step: step of oxidizing one obtained in the hydrazine treating step.

[0094] It is also preferred to use an aqueous alkali solution of a hydrazine to simultaneously conduct the alkali treating
step and the hydrazine treating step in the above step.
[0095] More preferred embodiment of the process of preparing the supported ruthenium oxide catalyst used in the
present invention include a preparation process comprising the following steps:

a ruthenium halide supporting step: step of supporting ruthenium halide on a carrier of a catalyst;
an alkali treating step: step of adding an alkali to one obtained in the ruthenium halide supporting step;
a hydrazine treating step: step of treating one obtained in the alkali treating step by using hydrazine;
an alkali metal chloride adding step: step of adding an alkali metal chloride to one obtained in the hydrazine treating
step; and
an oxidizing step: step of oxidizing one obtained in the alkali metal chloride adding step.

[0096] It is also preferred to use an aqueous alkali solution of hydrazine to simultaneously conduct the alkali treating
step and the hydrazine treating step in the above step.
[0097] The ruthenium halide supporting step is a step of supporting ruthenium halide on a carrier of a catalyst. The
ruthenium compound to be supported on the carrier includes, for example, already listed various ruthenium compounds.
Among them, preferred examples thereof are halides of ruthenium, for example, ruthenium chloride such as RuCl3 and
RuCl3 hydrate and ruthenium bromide such as RuBr3 and RuBr3 hydrate. More preferred one is a ruthenium chloride
hydrate.
[0098] The amount of ruthenium halide used in the ruthenium halide supporting step is usually an amount corresponding
to a preferable weight ratio of ruthenium oxide to the carrier. That is, ruthenium halide is supported by using a process
of impregnating an already listed carrier of the catalyst, or aprocess of performing equilibrium adsorption. As the solvent,
for example, water and an organic solvent such as alcohol are used, and water is preferred. The impregnated one can
be dried, and can also be treated by using an alkali without being dried, but it is preferable the impregnated one is dried .
Regarding the conditions for drying the impregnated one, the drying temperature is preferably from 50 to 200°C and the
drying time is preferably from 1 to 10 hours.



EP 2 075 228 B1

11

5

10

15

20

25

30

35

40

45

50

55

[0099] The alkali treating step is a step for adding an alkali to one obtained in the ruthenium halide supporting step.
The alkali used in the alkali treating step includes, for example, hydroxide, carbonate and hydrogencarbonate of alkali
metal; aqueous solution of ammonia, ammonium carbonate and ammonium hydrogencarbonate; and solution of an
organic solvent such as alcohol. As the alkali, for example, hydroxide, carbonate and hydrogencarbonate of alkali metal
are preferably used. As the solvent, for example, water is preferably used. The concentration of the alkali varies depending
on the alkali to be used, but is preferably from 0.1 to 10 mol/l.
[0100] Regarding a molar ratio of the ruthenium halide to alkali, is, for example, 3 mol of sodium hydroxide is equivalent
to 1 mol of ruthenium halide. Preferably, the alkali is used in the amount of 0.1-20 equivalent per equivalent of ruthenium
halide. The process of adding the alkali include a process of impregnating with a solution of the alkali or a process of
dipping in a solution of the alkali. The time of impregnation with the solution of the alkali is usually within 60 minutes.
Since the activity of the catalyst decreases when the impregnation time is long, the impregnation time is preferably within
10 minutes. The temperature is preferably from 0 to 100°C, and more preferably from 10 to 60°C.
[0101] The hydrazine treating step is a step of treating one obtained in the alkali treating step by using hydrazine. The
process of treating by using hydrazine includes, for example, a process of impregnating with a solution of hydrazine and
a process of dipping in a solution of hydrazine. The supported ruthenium halide treated by using the alkali in the previous
step and an alkali solution may be added to a hydazine solution in a state of being mixed, or may be added to the
hydazine solution after the alkaline solution was separated by filtration. A preferable process is a process of impregnating
the supported ruthenium halide with the alkali and immediately adding to the hydrazine solution. The concentration of
hydrazine used in the hydrazine treating step is preferably not less than 0.1 mol/l. Hydrazine hydrate such as hydrazine
monohydrate may be used as it is. Alternatively, it is used as a solution of an organic solvent such as alcohol. Preferably,
an aqueous solution of hydrazine or hydrazine hydrate is used. Anhydride and a monohydrate of hydrazine can also be
used. Regarding a molar ratio of ruthenium halide to hydrazine, hydrazine is used in the amount of 0.1 to 20 mol per
mol of ruthenium halide. The time of impregnation with the solution of hydrazine is preferably from 5 minutes to 5 hours,
and more preferably from 10 minutes to 2 hours. The temperature is preferably from 0 to 100°C, and more preferably
from 10 to 60°C. After dipping in the hydrazine solution, the dipping one is preferably separated from the solution by
filtration.
[0102] It is also preferred to use an aqueous alkali solution of hydrazine to simultaneously conduct the alkali treating
step and hydrazine treating step in the above step. Preferable process includes a process of slowly dipping one obtained
in the ruthenium halide supporting step to those prepared by mixing a preferable amount of the alkali with a preferable
amount of hydazine, and treating for 5 minutes to 5 hours.
[0103] More preferable process includes a process of washing a solid produced in the alkali treating step and hydrazine
treating step, thereby to remove the alkali and hydrazine, drying, adding an alkali metal chloride in the following alkali
metal chloride adding step, drying, and oxidizing.
[0104] More preferable process includes a process of washing a solid produced in the alkali treating step and hydrazine
treating step by using an aqueous solution of an alkali metal chloride, drying, and oxidizing. This process is preferred
because the removal of the alkali and hydrazine, and the addition of the alkali metal chloride can be conducted in the
same step.
[0105] The alkali metal chloride adding step is a step of adding an alkali metal chloride to one obtained in the alkali
treating step and hydrazine treating step. This step is not an indispensably step to prepare the supported ruthenium
oxide catalyst, but the activity of the catalyst is further improved by conducting said step. That is, the resulting solid is
oxidized by the following oxidizing step, but it is a preferable preparation example to convert it into highly active supported
ruthenium oxide by oxidizing the resulting solid treated with the alkali and hydrazine in the presence of an alkali metal salt.
[0106] The alkali metal chloride includes, for example, chloride of alkali metal, such as potassium chloride and sodium
chloride. Preferable alkaline metal chlorides are potassium chloride and sodium chloride, and more preferable one is
potassium chloride. A molar ratio of the alkali metal salt to ruthenium is preferably from 0.01 to 10, and more preferably
from 0.1 to 5.0. When the amount of the alkali metal salt used is too small, sufficient highly active catalyst is not obtained.
On the other hand, when the amount of the alkali metal salt used is too large, the cost becomes high from an industrial
point of view.
[0107] The process of adding the alkali metal chloride includes a process of impregnating the resulting supported
ruthenium one , obtained by washing, drying, treating by using an alkali and hydrazine, with an aqueous solution of the
alkali metal chloride, but more preferable process includes a process of impregnating the resulting supported ruthenium
one treated with the alkali and hydrazine by washing with an aqueous alkali metal chloride solution without being washed
with water.
[0108] For the purpose of adjusting the pH in the case of washing the resulting supported one , hydrochloric acid can
be added to an aqueous solution of the alkali metal chloride. The concentration of the aqueous solution of the alkali
metal chloride is preferably from 0.01 to 10 mol/l, and more preferably from 0.1 to 5 mol/l.
[0109] The purpose of washing lies in removal of the alkali and hydrazine, but the alkali and hydrazine can also be
remained as far as the effect of the present invention is not adversely affected.



EP 2 075 228 B1

12

5

10

15

20

25

30

35

40

45

50

55

[0110] After impregnating with the alkali metal chloride, the catalyst is usually dried. Regarding the drying conditions,
the drying temperature is preferably from 50 to 200°C and the drying time is preferably from 1 to 10 hours.
[0111] The oxidizing step is a step of oxidizing one obtained in the alkali treating step and hydrazine treating step (in
the case of using no alkali metal chloride adding step), or a step of oxidizing one obtained in the alkali metal chloride
adding step (in the case of using the alkali metal chloride adding step). The oxidizing step can include a process of
calcining under an air. It is a preferable preparation example to convert it into highly active supported ruthenium oxide
by calcining one treated with the alkali and hydrazine in the presence of an alkali metal salt, in a gas containing oxygen.
A gas containing oxygen usually includes air.
[0112] The calcination temperature is preferably from 100 to 600°C, and more preferably from 280 to 450°C. When
the calcination temperature is too low, particles formed by the alkali treatment and hydrazine treatment are remained in
a large amount in the form of a ruthenium oxide precursor and, therefore, the activity of the catalyst becomes insufficient
sometimes. On the other hand, when the calcination temperature is too high, agglomeration of ruthenium oxide particles
occur and, therefore, the activity of the catalyst is lowered. The calcination time is preferably from 30 minutes to 10 hours.
[0113] In this case, it is important to calcine in the presence of the alkali metal salt. By using this process, it is possible
to obtain higher activity of the catalyst because that process can form more fine particles of ruthenium oxide, comparing
the process which includes calcining in the substantially absence of the alkali metal salt.
[0114] By the calcination, the particles supported on the carrier, which are formed by the alkali treatment and hydrazine
treatment, are converted into a supported ruthenium oxide catalyst. It can be confirmed by analysis such as X-ray
diffraction and XPS (X-ray photoelectron spectroscopy) that the particles formed by the alkali treatment and hydrazine
treatment were converted into ruthenium oxide. Incidentally, substantially total amount of particles formed by the alkali
treatment and hydrazine treatment are preferably converted into ruthenium oxide, but the particles formed by the alkali
treatment and hydrazine treatment can be remained as far as the effect of the present invention is not adversely affected.
[0115] The process of oxidizing one treated with the alkali and hydrazine, washing the remained alkali metal chloride,
and drying is a preferable preparation process. It is preferred that the alkali metal chloride contained on calcination is
sufficiently washed with water. The process of measuring the alkali metal chloride after washing includes a process of
examining the presence/absence of white turbidity by adding an aqueous silver nitrate solution to the filtrate. However,
the alkali metal chloride may be remained as far as the effect of the present invention is not adversely affected.
[0116] According to a preferable preparation process, the washed catalyst is then dried. Regarding the drying condi-
tions, the drying temperature is preferably from 50 to 200°C and the drying time is preferably from 1 to 10 hours.
[0117] The supported ruthenium oxide catalyst produced by the above steps is highly active, and the activity was
higher than that of the catalyst prepared by oxidizing a catalyst obtained by reducing ruthenium chloride with hydrogen.
Furthermore, a catalyst obtained by previously treating ruthenium chloride by using an alkali, treating by using hydrazine
(alternatively, alkali treatment and hydrazine treatment are simultaneously conducted), and oxidizing showed higher
activity than that of a catalyst obtained by treating ruthenium chloride with hydrazine, and oxidizing.
[0118] The supported ruthenium oxide catalyst used in the catalyst (3) is obtained by reducing a ruthenium compound
supported on a carrier with a reducing hydrogenated compound, and oxidizing and is a catalyst containing a supported
ruthenium oxide catalyst comprising ruthenium oxide supported on a carrier. In general, it is industrially used in the form
of being supported on a carrier.
[0119] As the carrier, the same carriers as those used in the catalysts (1) and (2) can be used.
[0120] As the weight ratio of the ruthenium oxide to the carrier, the same ratio as that in the catalysts (1) and (2) is used.
[0121] As the ruthenium compound to be supported on the carrier, for example, the same ruthenium compounds as
those used in the catalysts (1) and (2) are used.
[0122] The process of supporting the ruthenium compound on the carrier includes, for example, impregnation process
and equilibrium adsorption process.
[0123] The reducing hydrogenated compound used for reducing the ruthenium compound supported on the carrier
include , for example, boron hydride compound such as NaBH4, Na2B2H6, Na2B4H10, Na2B5H9, LiBH4, K2B2H6, K3B4H10,
K2B5H9 and Al(BH4)3; organometallic boron hydride compound such as LiB[CH(CH3)C2H5H, LiB(C2H5)3H, KB(CH(CH3)
C2H5]3H and KB[CH(CH3)CH(CH3)2]3H; metal hydride such as LiAlH, NaH, LiH and KH; and organometallic hydride
such as [(CH3)2CHCH2]2AlH. Preferable reducing agents are alkali metal boron hydride compound such as NaBH4,
Na2B2H6, Na2B4H10, Na2B5H9, LiBH4, K2B2H6, K3B4H10 and K2B5H9. More preferable one is NaBH4.
[0124] Preferred embodiment of the process of preparing the supported ruthenium oxide catalyst used in the catalyst
(3) include a preparation process comprising the following steps:

a ruthenium compound supporting step: step of supporting a ruthenium compound on a carrier of a catalyst;
a reducing step: step of reducing one obtained in the ruthenium compound supporting step by using a reducing
hydrogenated compound; and
an oxidizing step: step of oxidizing one obtained in the reducing step;
or
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a ruthenium compound supporting step: step of supporting a ruthenium compound on a carrier of a catalyst;
a reducing step: step of reducing one obtained in the ruthenium compound supporting step by using a reducing
hydrogenated compound;
an alkali metal chloride adding step: step of adding an alkali metal chloride to one obtained in the reducing step; and
an oxidizing step: step of oxidizing one obtained in the alkali metal chloride adding step.

[0125] More preferred embodiment of the process of preparing the supported ruthenium oxide catalyst used in the
catalyst (3) include a preparation process comprising the following steps:

a ruthenium halide supporting step: step of supporting ruthenium halide on a carrier of a catalyst;
a reducing step: step of reducing one obtained in the ruthenium hydride supporting step by using an alkali metal
boron halide compound; and
an oxidizing step: step of oxidizing one obtained in the reducing compound treating step;
or
a ruthenium halide supporting step: step of supporting ruthenium halide on a carrier of a catalyst;
a reducing step: step of reducing one obtained in the ruthenium halide supporting step by using an alkali metal
boron hydride compound;
an alkali metal chloride adding step: step of adding an alkali metal chloride to one obtained in the reducing step; and
an oxidizing step: step of oxidizing one obtained in the alkali metal chloride adding step .

[0126] More preferred embodiment of the process of preparing the supported ruthenium oxide catalyst used in the
catalyst (3) include a preparation process comprising the following steps:

a ruthenium chloride supporting step: step of supporting ruthenium chloride on a carrier of a catalyst;
a reducing step: step of reducing one obtained in the ruthenium chloride supporting step by using sodium boron
hydride; and
an oxidizing step: step of oxidizing one obtained in the reducing step;
or
a ruthenium chloride supporting step: step of supporting ruthenium chloride on a carrier of a catalyst;
a reducing step: step of reducing one obtained in the ruthenium chloride supporting step by using sodium boron
hydride;
an alkali metal chloride adding step: step of adding an alkali metal chloride to one obtained in the reducing step; and
an oxidizing step: step of oxidizing one obtained in the alkali metal chloride adding step .

[0127] The respective steps will be explained below.
[0128] The ruthenium chloride supporting step is a step of supporting ruthenium chloride on a carrier of a catalyst.
The amount of ruthenium chloride used in the ruthenium chloride supporting step is usually an amount corresponding
to a preferable weight ratio of ruthenium oxide to the carrier. That is, a solution of ruthenium chloride is supported on
the already listed carrier of the catalyst. As the solvent, for example, water and an organic solvent such as alcohol are
used, and water is preferred. A ruthenium compound other than ruthenium chloride can also be used. However, when
using a compound which does not dissolve in water, there can be used an organic solvent capable of dissolving it, for
example, hexane and tetrahydrofuran. Then, supported one can be dried or reduced without being dried, but a process
of drying is preferred. Regarding the conditions for drying the supported one, the drying temperature is preferably from
50 to 200°C and the drying time is preferably from 1 to 10 hours.
[0129] The reducing step is a step of reducing one obtained in the ruthenium chloride supporting step by using sodium
boron hydride (NaBH4). The process of the reducing step includes a process of dipping one obtained in the ruthenium
chloride supporting step in a solution of sodium boron hydride . The sodium boron hydride solution includes aqueous
solution and solution of an organic solvent such as alcohol, but a mixed solution of water and an organic solvent can-
also be used. Preferably, a mixed solution of water and alcohol is used and, more preferably, a solution of water and
ethanol is used. The concentration of the solution of sodium boron hydride is usually from 0.05 to 20% by weight, and
preferably from 0.1 to 10% by weight. The molar ratio of the sodium boron hydride to the supported ruthenium is usually
from 1.0 to 30, and preferably from 2.0 to 15. The catalyst may be washed with water after reducing, or may be subjected
to a step of washing with an aqueous alkali metal chloride solution as an operation of the alkali metal chloride adding
step. Preferably, a process of reducing, washing with water, and drying is adopted.
[0130] It is also possible to reduce with a reducing compound other then sodium boron hydride. In that case, an aprotic
anhydrous solvent is preferably used. For example, a supported ruthenium compound is reduced with a reducing hy-
drogenated compound other than sodium boron halide by using a toluene solvent.
[0131] The alkali metal chloride adding step is a step of adding an alkali metal chloride to one obtained in the reducing
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step. This step is conducted in the same manner as that in the alkali metal chloride adding step conducted in the catalysts
(1) and (2).
[0132] The oxidizing step is a step of oxidizing one obtained in the reducing step (in the case of using no alkali metal
chloride adding step), or a step of oxidizing one obtained in the alkali metal chloride adding step (in the case of using
the alkali metal chloride adding step). This step is conducted in the same manner as that in the oxidizing step conducted
in the catalysts (1) and (2) .
[0133] By the calcination, the metal ruthenium supported on the carrier is converted into a supported ruthenium oxide
catalyst. It can be confirmed by analysis such as X-ray diffraction and XPS (X-ray photoelectron spectroscopy) that the
metal ruthenium was converted into ruthenium oxide. Incidentally, substantially total amount of the metal ruthenium is
preferably converted into ruthenium oxide, but the metal ruthenium can be remained as far as the effect of the present
invention is not adversely affected.
[0134] The process of oxidizing the supported metal ruthenium, washing the remained alkali metal chloride with water,
and drying is a preferable preparation process. It is preferred that the alkali metal chloride contained on calcination is
sufficiently washed with water. The process of measuring the alkali metal chloride after washing includes a process of
examining the presence/absence of white turbidity by adding an aqueous silver-nitrate solution to the filtrate. However,
the alkali metal chloride may be remained as far as the effect of the present invention is not adversely affected.
[0135] The washed catalyst is preferably then dried. Regarding the drying conditions, the drying temperature is pref-
erably from 50 to 200°C and the drying time is preferably from 1 to 10 hours.
[0136] The supported ruthenium oxide catalyst produced by the above steps is highly active, and is very effective for
a process for preparing chlorine by oxidizing hydrogen chloride with oxygen.
[0137] The process for preparing a supported metal ruthenium catalyst used in the invention will be explained below.
The first embodiment of the process for preparing the supported ruthenium oxide catalyst was mentioned after the four
embodiment of the process for preparing the catalyst having good thermal conductibility.
[0138] The supported metal ruthenium catalyst includes, for example, supported metal ruthenium catalyst obtained
by supporting a ruthenium compound shown in the first embodiment of the process for preparing the supported ruthenium
oxide on the above-described carrier in the same manner, and reducing the supported one to form metal ruthenium by
using a reducing agent, for example, a reducing hydrogenated compound such as sodium boron hydrate shown in the
first embodiment of the process for preparing the supported ruthenium oxide catalyst, and supported metal ruthenium
catalyst obtained by supporting ruthenium chloride on the above-described carrier, forming a ruthenium hydroxide on
the carrier by alkali hydrolysis, and reducing the ruthenium hydroxide by using hydrogen, but a commercially available
Ru catalyst may also be used. A ratio of the metal ruthenium to the carrier in the metal ruthenium supported on the
carrier is usually from 0.1/99.9 to 20/80, and preferably from 1/99 to 10/90. When the amount of the metal ruthenium is
too small, the activity of the catalyst is lowered. On the other hand, when the amount of the metal ruthenium oxide is
too large, the price of the catalyst becomes high.
[0139] The process for preparing a catalyst comprising a supported ruthenium compound will be explained.
[0140] The catalyst comprising a supported ruthenium compound includes the same compounds as those exemplified
in the catalysts (1), (2) and (3).
[0141] The supporting process includes impregnation process, ion exchange process, precipitation supporting process,
coprecipitation process and mixing process. Among them, impregnation process and ion exchange process are preferred.
[0142] The impregnation process includes, for example, a preparation process of suspending a carrier in a solution
prepared by dissolving a ruthenium compound, evaporating a solvent, and drying. The solvent includes water, methanol
and organic solvent; etc.
[0143] When the drying temperature of the supported catalyst is too high, volatilization of the ruthenium compound
occurs and, therefore, the drying temperature is preferably from 30 to 200°C under reduced pressure, and is preferably
from about 60 to 400°C under nitrogen . Under air, the drying temperature is generally a temperature at which the
ruthenium compound is not decomposed by oxidation with oxygen. The drying time is preferably from about 30 minutes
to 5 hours.
[0144] The catalyst system of the invention may contain a molding obtained by integrally molding (A) an active com-
ponent of catalyst and a catalyst carrier component, and (B) an α-alumina having thermal conductivity of a solid phase
measured by at least one point within a range from 200 to 500°C is not less than 4 W/m. °C. In such a catalyst system,
the inventors have succeeded in preparation of a catalyst having almost the same activity of the catalyst prepared from
the component (A) and a catalyst carrier component as a catalyst which is obtained by integrally molding three compo-
nents, a component (A), a catalyst carrier component and a component (B).
[0145] It is an object of the present invention to obtain chlorine by oxidizing hydrogen chloride with oxygen using the
above catalyst system. When hydrogen chloride is oxidized with oxygen using the above catalyst, a removing rate of
heat generated during the reaction increases and, therefore, control of the reaction temperature becomes easier and
high reaction conversion can be obtained by keeping the whole catalyst bed at sufficient temperature for an industrially
desirable reaction rate. The reaction system for producing chlorine includes, for example, a flow system such as fixed
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bed or fluidized bed, and a gas phase reaction such as fixed bed flow system and gas phase fluidized bed flow system
can be preferably used. The fixed bed system has an advantage that separation between the reaction gas and catalyst
is not required and high conversion can be accomplished. In the case of the fixed bed reactor, a reaction tube is packed
with catalyst particles and, in the case of the exothermic reaction, the reaction tube is cooled from the outside. In such
a packed bed, since effective thermal conductivity of the particle bed is generally smaller than that of a tube material
and that of a fluid outside the tube and heat transfer resistance in the particle bed is generally larger than that of a tube
material and that of a fluid outside the tube, the whole heat transfer rate can be markedly improved by increasing effective
thermal conductivity in the particle bed. The term "effective thermal conductivity of the particle bed" used herein means
a heat transfer rate per unit sectional area of the particle bed in a certain direction per unit length and per unit degree
of difference which is 1 °C temperature . According to "Thermal Unit Operation, Vol. 1" (1976, page 136~146, Maruzen
Co., Ltd.), it is known that effective thermal conductivity of the particle bed depends on effective thermal conductivity of
particles to be packed and thermal conductivity of a fluid material existing in the tube, and depends on a fluid velocity
when the fluid transfers. Among them, effective thermal conductivity of particles strongly depends on the thermal con-
ductivity of the solid of the component (compound) constituting the particles and, therefore, effective thermal conductivity
of the particles and effective thermal conductivity of the particle bed are increased by using the component having large
thermal conductivity, and contribute to an improvement in removing rate of heat generated in the reactor in the exothermic
reaction such as oxidation reaction of hydrogen chloride. As described above, the effect of the present invention is
particularly large when the fixed bed system is adopted . The fluidized bed system has an advantage that heat transfer
in the reactor is large and the temperature distribution width in the reactor can be minimized . The temperature distribution
width can be further minimized by using the catalyst according to the present invention.
[0146] By using the catalyst which has good thermal conductibility (heat transfer) and is capable of easily removing
heat, the above effect can be obtained without increasing the heat transfer area per unit volume in the reactor. For
example, comparing a multitube reactors having the same reaction volumes, when the heat transfer area is increased
by decreasing the diameter of the tube, the number of required tubes and amount of the required material are increased
and the price of the reactor becomes high. However, when using the catalyst which has good thermal conductibility (heat
transfer) and is capable of easily remove heat, control of the reaction temperature can be made easier without increasing
the heat transfer area of the reactor and the reactor with cheap price can be used. Therefore, it is industrially advantageous.
[0147] The following Examples further illustrate the present invention in detail but are not to be construed to limit the
scope thereof.

Production Example 1

[0148] A catalyst was prepared by the following process. That is, 3.52 g of commercially available ruthenium chloride
(RuCl3·nH2O, Ru content: 35.5% by weight)was dissolved in 7.61 g of water, followed by sufficient stirring to obtain an
aqueous ruthenium chloride solution. The resulting aqueous solution was added dropwise in 25.0 g of a spherical (1-2
mm φ in size) titanium oxide carrier (CS-300S-12,anatase crystal manufactured by Sakai Chemical Industry Co., Ltd.),
thereby to support ruthenium chloride by impregnation. The supported one was dried in an air at 60°C for 4 hours to
obtain 28.0 g of a ruthenium chloride supported on titanium oxide . 4.0 g of the resulting ruthenium chloride supported
on titanium oxide (28.0 g) was dipped in a mixed solution of 2.4 g of an aqueous potassium hydroxide solution adjusted
to 2 mol/l and 1.2 g of pure water at room temperature for 1 minute. Then, the dipped one was poured, together with
the solution, into 0.67 g of a hydrazine monohydrate under nitrogen at room temperature. At the time of pouring, bubbling
was observed in the solution. After the solution was allowed to stand for about 15 minutes until the bubbling disappeared,
4.0 g of pure water was poured, followed by stirring. Then, the supernatant was removed by decantation. Then, 30 ml
of an aqueous potassium chloride solution adjusted to 2 mol/l was poured and, after stirring, the supernatant was removed
by decantation. By repeating this operation six times, washing with the aqueous potassium chloride solution was con-
ducted. Then, the washed one was dried under air at 60°C for 4 hours to obtain a spherical gray solid containing potassium
chloride.
[0149] Then, the solid was heated under air from room temperature to 350°C for about 1 hour and then calcined at
the same temperature for 3 hours to obtain a spherical solid. Washing was conducted by adding 0.5 liter of pure water
to the resulting solid, stirring and allowing to stand 30 minutes, and the resulting solid was separated by filtration. This
operation was repeated four times. The washing time was about 4 hours. The washed one was dried under air at 60°C
for 4 hours to obtain 3.73 g of a black spherical ruthenium oxide catalyst supported on titanium oxide.
[0150] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 
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[0151] The calculated value of the content of ruthenium was as follows. 

[0152] The ruthenium oxide catalyst supported on titanium oxide (2.5 g) thus obtained was diluted by mixing with a 5
g of spherical titanium oxide carrier (1~2 mm φ in size) and then charged in a quartz reaction tube (inner diameter: 12
mm). A hydrogen chloride gas (192 ml/min.) and an oxygen gas (184 ml/min.) were respectively supplied under atmos-
pheric pressure (in terms of 0 °C, 1 atm). The quartz reaction tube was heated in an electric furnace to adjust the internal
temperature (hot spot) to 300°C. 1.8 Hours after the beginning of the reaction, the gas at the reaction outlet was sampled
by passing it through an aqueous 30 wt% potassium iodide solution, and then the amount of chlorine formed and amount
of the non-reacted hydrogen chloride were respectively determined by iodometric titration and neutralization titration.
[0153] The formation activity of chlorine per unit weight of the catalyst determined by the following equation was 3.68
� 10-4 mol/min.g-catalyst.
[0154] Chlorine formation activity per unit weight of catalyst (mol/min.g-catalyst) = amount of outlet chlorine formed
(mol/min)/weight of catalyst (g)
[0155] The formation activity of chlorine per unit weight of Ru determined by the following equation was 78.4 � 10-4

mol/min.g-Ru.
[0156] Chlorine formation activity per unit weight of Ru (mol/min.g-Ru) = amount of outlet chlorine formed (mol/min)/
weight of Ru (g)

Production Example 2

[0157] A catalyst was prepared by the following process. That is, 60 g of a commercially available 100% rutile type
titanium oxide powder (STR-60N, manufactured by Sakai Chemical Industry Co., Ltd.) and 60 g of a α-alumina powder
(A131-03, manufactured by Sumitomo Chemical Co., Ltd.) were sufficiently mixed. To the mixed one, a mixed solution
of 15.8 g of 38wt% TiO2 sol (CSB, manufactured by Sakai Chemical Industry Co., Ltd.) and 50 g of pure water was
added. Until suitable viscosity was obtained, the mixture was dried at room temperature under air flow. After drying, the
mixture was sufficiently kneaded. The weight loss by drying was 14 g. This kneaded one was extruded into a form of a
noodle of 1.5 mm φ in size, followed by drying at 60° under air for 4 hours using a drier. The weight of the dried one was
101 g. Using a muffle furnace, the dried one was heated from room temperature to 500°C in an air over 1.4 hours and
calcined at the same temperature for 3 hours to obtain 99.5 g of a titanium oxide- α-alumina carrier.
[0158] The same operation was repeated to obtain 218 g of a titanium oxide- α-alumina carrier.
[0159] Then, a extruded titanium oxide-α-alumina carrier was obtained by cutting the resulting noodle-shaped titanium
oxide-α-alumina carrier into pieces of about 5 mm in size.
[0160] Then, 2.03 g of commercially available ruthenium chloride (RuCl3·nH2O, Ru content: 37.3% by weight) was
dissolved in 14.6 g of water, followed by sufficient stirring to obtain an aqueous ruthenium chloride solution. The resulting
aqueous ruthenium chloride solution was added dropwise to 50 g of the extruded titanium oxide- α -alumina carrier,
thereby to support ruthenium chloride by impregnation. The supported one was dried under air at 60°C for 2 hours to
obtain a ruthenium chloride supported on titanium oxide- a -alumina.
[0161] The resulting ruthenium chloride supported on titanium oxide- α -alumina was added to a mixed solution of
10.5 g of an aqueous potassium hydroxide solution adjusted to 2 mol/1, 300 g of pure water and 2.54g of hydrazine
monohydrate under nitrogen at room temperature, followed by dipping for 1 hour stirring every 15 minutes. At the time
of dipping, bubbling was observed in the solution. After the reduction, filtration was conducted by using a glass filter. 0.5
liter of pure water was added to the glass filter and, after allowing to stand for 30 minutes, filtration was conducted again.
This operation was repeated five times to obtain a brownish white extruded solid. Then, 100 g of an aqueous KC1
solution adjusted to 0.5 mol/l was added to the resulting extruded solid and, after allowing to stand for 30 minutes,
filtration was conducted under reduced pressure. The same operation was repeated three times.
[0162] The resulting extruded solid was dried under air at 60°C for 4 hours, heated to 350°C under air over 1 hour,
and then calcined at the same temperature for 3 hours.
[0163] 0.5 liter of pure water was added to the calcined one and the mixture was stirred. After allowing to stand for
30 minutes, further more filtration was conducted by using a glass filter. This operation was repeated five times over 5
hours to remove potassium chloride until white turbidity does not occur when 0.2 mol/l of an aqueous silver nitrate
solution is added to the filtrate. Then, the resultant was dried in an air at 60°C for 4 hours to obtain 50 g of a bluish gray
ruthenium oxide catalyst supported on titanium oxide-a -alumina.
[0164] The same operation was repeated four time to obtain 200 g of a ruthenium oxide catalyst supported on titanium
oxide- α -alumina.
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[0165] According to the same reaction manner as that described in Production Example 1 except that 2.50 g of the
ruthenium oxide catalyst supported on titanium oxide- α -alumina thus obtained was diluted with 10 g of a commercially
available spherical (2 mm in size) alumina carrier (SSA995, manufactured by Nikkato Co.) and then charged in a quartz
reaction tube (inner diameter: 12 mm) and that the oxygen gas (192 ml/min.) was passed through the reaction tube, the
reaction was conducted. 2.0 Hours after the beginning of the reaction, the formation activity of chlorine per unit weight
of the catalyst was 4.62 � 10-4 mol/min.g-catalyst .
[0166] Then, the controllability of the reaction temperature of the ruthenium oxide catalyst supported on titanium oxide-
α-alumina was evaluated.
[0167] That is, 40.6 g of the resulting ruthenium oxide catalyst supported on titanium oxide-α-alumina was charged
in a nickel reaction tube (outer diameter: 29 mm φ, inner diameter: 25 mm φ, outer diameter of sheath tube for
thermocouple : 6 mm φ). The length of the catalyst bed was 9.2 cm and the volume of catalyst was 42.5 ml.
[0168] Incidentally, the calculated value of the content of ruthenium oxide as the active component (A) of the catalyst
was as follows. 

[0169] Rutil titanium oxide shows that thermal conductivity of solid phase is 7.5 W/m·°C measured at 200°C. The
calculated value of the content of rutile titanium oxide as the component (B) was as follows. 

[0170] α -Al2O3 shows that thermal conductivity of solid phase is 23 W/m·°C measured at 200°C. The calculated value
of the content of α -alumina as the component (B) was as follows. 

[0171] The calculated value of TiO2(binder) used to form this catalyst was 4.7% by weight.
[0172] Then, the nickel reaction tube was heated in a salt bath of sodium nitrite and potassium nitrate and the hydrogen
chloride gas (0.88 Nl/min.) and the oxygen gas (0.53 Nl/min.) were supplied. 3.7 Hours after the beginning of the reaction,
when the temperature of the salt bath is 260°C, the maximum temperature of the catalyst bed is exhibited at the point
which is 3 cm from the catalyst bed inlet and the internal temperature (hot spot) became stable at 301°C. The gas at
the reaction outlet was sampled by passing it through an aqueous 30 % potassium iodide solution, and then the amount
of chlorine formed and amount of the non-reacted hydrogen chloride were respectively determined by iodometric titration
and neutralization titration . As a result, the conversion of hydrogen chloride was 50.4%.
[0173] Furthermore, the bath temperature was raised by 11°C in total over 5 hours and 50 minutes to make it constant
at 271°C. As a result, the internal temperature became stable at 331.4°C. Even after 10 minutes, the bath temperature
was constant at 271°C and the internal temperature was stable at 331.5°C, and the temperature was satisfactorily
controlled.
[0174] Furthermore, the bath temperature was raised by 8°C in total over 1 hour and 15 minutes to make it constant
at 279°C. As a result, the internal temperature became stable at 351.9°C. Even after 10 minutes, the bath temperature
was constant at 279°C and the internal temperature was stable at 351.9°C, and the temperature was satisfactorily
controlled.

Production Example 3

[0175] A catalyst was prepared by the following process. That is, 30.0 g of a titanium oxide powder (No. 1, anatase
crystal , manufactured by Catalysts & Chemicals Industries Co., Ltd.) was kneaded with 9.0 g of a crystalline cellulose
(manufactured by MERCK Co.), 24.4 g of a titanium oxide sol (CSB, TiO2 content: 38% by weight, manufactured by
Sakai Chemical Industry Co., Ltd.) and 25.4 g of water. The kneaded one was dried at 60°C and the resultant was
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molded into a rod-shaped solid. This rod-shaped solid was dried at 60°C for 4 hours to obtain 48.8 g of a white solid.
The resulting solid was heated to 500°C under air over 3 hours and calcined at the same temperature for 5 hours to
obtain 37.1 g of a white rod-shaped titanium oxide carrier. Then, the resulting solid was ground to obtain 27.0 g of a
solid having a particle size of 8.6-16 mesh.
[0176] Then, 15.0 g of the titanium oxide carrier thus obtained was taken out and impregnated with a solution prepared
by dissolving 2.05 g of commercially available ruthenium chloride hydrate (RuCl3·nH2O, Ru content: 37.3% by weight)
in 9.0 g of pure water, and dried at 60°C for 4 hours, thereby to support ruthenium chloride. 5.5 g of ruthenium chloride
supported on the titanium oxide was taken out. Then, a solution of 1.11 g of sodium boron hydride (NaBH4), 4.0 g of
water and 42.1 g of ethanol was prepared. After the solution was sufficiently cooled in an ice bath, 5.5 g of the ruthenium
chloride supported on titanium oxide was added and ruthenium chloride was reduced. At this time, bubbling was observed
in the solution. After the bubbling was terminated, the reduced solid was separated by filtration. After washing again
with 500 ml of pure water for 30 minutes, the solid was separated by filtration. This operation was repeated five times.
Then, this solid was dried at 60°C for 4 hours to obtain 5.0 g of a bluish black solid. Then, this solid was impregnated
with a solution prepared by dissolving 0.60 g of potassium chloride in 2.9 g of pure water, and dried at 60°C for 4 hours.
The dried one was heated to 350°C in an air over 1 hour and calcined at the same temperature for 3 hours. Then, the
calcined solid was washed with 500 ml of pure water and then separated by filtration. This operation was repeated five
times. After adding dropwise an aqueous silver nitrate solution to the filtrate, it was confirmed that potassium chloride
is not remained. After washing, the solid was dried 60°C for 4 hours to obtain 5.1 g of a bluish black ruthenium oxide
catalyst supported on titanium oxide having a particle size of 8.6-16 mesh. The pore radius of the resulting catalyst was
within a range from 0.04 to 0.4 micrometer. The pore distribution curve of this catalyst measured by a mercury porosimeter
is shown in figure 4.
[0177] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 

[0178] The calculated value of the content of ruthenium was as follows. 

[0179] According to the same reaction manner as that described in Production Example 1 except that 2.5 g of the
ruthenium oxide catalyst supported on titanium oxide thus obtained was charged in a reaction tube in the same manner
as that in Production Example 1 and that the hydrogen chloride as (187 ml/min.) and the oxygen gas (199 ml/min.) was
passed through the reaction tube and the internal temperature was adjusted to 301°C, the reaction was conducted. 2.0
Hours after the beginning of the reaction, the formation activity of chlorine per unit weight of the catalyst was 4.87 �
10-4 mol/min.g-catalyst.

Example 1

[0180] A catalyst was prepared by the following process. That is, 6.02 g of a spherical (1-2 mm in size) 5 wt% metal
ruthenium catalyst supported on titanium oxide (manufactured by N.E. Chemcat Co., Ltd. titanium oxide is anatase
crystal) was impregnated with an aqueous potassium chloride solution adjusted to 0.5mol/l until water oozes out on the
surface of the catalyst, and then dried under air at 60°C, for 10 to 60 minutes. This operation was repeated twice. The
amount of the potassium chloride solution added was 3.04 g at the first time, 2.89 g at the second time respectively.
The total amount was 5.83g. The calculated value of the molar ratio of the amount of potassium chloride added to a Ru
atom in the catalyst becomes 1:1. This solid was dried under air at 60°C for 4 hours, and heated from room temperature
to 350°C under air over about 1 hour, and then calcined at the same temperature for 3 hours to obtain a spherical solid.
0.5 liter of pure water was added to the resulting solid and the solid followed by stirring at room temperature for 1 minutes.
Then, the solid was filtered. This operation was repeated four times until white turbidity does not occur when 0.2 mol/l
of an aqueous silver nitrate solution is added to the filtrate.
[0181] Then, the resulting solid was dried in an air at 60°C for 4 hours to obtain 5.89 g of a bluish black 6.6 wt%
ruthenium oxide catalyst supported on titanium oxide.
[0182] According to the same reaction manner as that described in Production example 1 except that 2.5 g of the
spherical 6.6 wt% ruthenium oxide catalyst supported on titanium oxide obtained was charged in a quartz reaction tube
and that the hydrogen chloride gas (187 ml/min.) and the oxygen gas (199 ml/min.) were passed through the reaction
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tube, the reaction was conducted. 2.0 Hours after the beginning of the reaction, the formation activity of chlorine per unit
weight of the catalyst was 4.07 � 10-4 mol/min.g-catalyst.
[0183] Then, 10 g of the spherical 6.6 wt% ruthenium oxide catalyst supported on titanium oxide was prepared by the
same process as described above.
[0184] Then, the mixture catalyst system which comprises the molding of ruthenium oxide catalyst supported on
titanium oxide and the molding of α-alumina was evaluated whether the catalyst system can attain enough reaction
conversion by keeping the whole catalyst bed at sufficient temperature for desirable reaction rate in the oxidation of
hydrogen chloride. That is, 9.84 g (10 ml) of the molding of the resulting 6.6 wt% ruthenium oxide catalyst supported on
titanium oxide was sufficiently mixed with 65.3 g (30 ml) of α-alumina (SSA995, sphere of 2 mm in size, manufactured
by Nikkato Co., Ltd.) and was charged in a quartz reaction tube (outer diameter: 25 mm φ, outer diameter of sheath tube
for thermocouple: 4 mm φ). The length of catalyst bed was 11 cm.
[0185] Incidentally, the calculated value of the content of ruthenium oxide as the active component (A) of the catalyst
was as follows. 

[0186] α-Al2O3 shows that thermal conductivity of solid phase is 23 W/m·°C measured at 200°C. The calculated value
of the content of α-alumina as the component (B) of the catalyst system was as follows. 

[0187] Then, the quartz reaction tube was heated in a electric furnace and the hydrogen chloride gas (593 ml/min.)
and the oxygen gas (300 ml/min.) were supplied. 1 Hour and 15 minutes after the beginning of the supply of hydrogen
chloride and oxygen, when the temperature of the electric furnace was 306°C, the muximum temperature (hot spot) of
the catalyst bed was exhibited at the point of 4.5 cm from the catalyst bed inlet and the internal temperature became
stable at 391°C. The temperature distribution of the catalyst bed was as shown in Fig. 8. The gas at the reaction outlet
was sampled by passing it through an aqueous 30 % potassium iodide solution, and then the amount of chlorine formed
and amount of the non-reacted hydrogen chloride were respectively determined by iodometric titration and neutralization
titration. As a result, the conversion of hydrogen chloride was 74.9% and the formation activity of chlorine per unit weight
of the catalyst was 14.9 mol chlorine/l-catalyst system.h.

Example 2

[0188] The controllability of the reaction temperature of the mixture catalyst system which comprises the molding of
ruthenium oxide catalyst supported on titanium oxide and the molding of α-alumina was evaluated. That is, 80.1 g of
the resulting 6.6 wt% ruthenium oxide catalyst supported on titanium oxide(anatase crystal) obtained by the same
production process of example 1 was sufficiently mixed with 88.3 g of α-alumina (SSA995, sphere of 2 mm in size,
manufactured by Nikkato Co., Ltd.) and was charged in a nickel reaction tube (inner diameter: 18 mm φ, outer diameter
of sheath tube for thermocouple e: 5 mm φ). The length of the catalyst system bed was 54 cm.
[0189] Incidentally, the calculated value of the content of ruthenium oxide as the active component (A) of the catalyst
was as follows. 

[0190] α-Al2O3 shows that thermal conductivity of solid phase is 23 W/m·°C measured at 200°C. The calculated value
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of the content of α-alumina as the component (B) of the catalyst system was as follows. 

[0191] Then, the nickel reaction tube was heated in a salt bath of sodium nitrite and potassium nitrate and the hydrogen
chloride gas (6.1 l/min.) and the oxygen gas (3.05 1/min.) were supplied. 1.6 Hours after the beginning of the reaction,
when the temperature of the salt bath is 280°C, the maximum temperature of the catalyst bed is exhibited at the point
which is 10 cm from the catalyst bed inlet and the internal temperature (hot spot) became stable at 291°C. Furthermore,
the bath temperature was raised by 21°C over 43 minutes to make it constant at 301°C. As a result, the internal temperature
became stable at 322°C. Furthermore, the bath temperature was raised by 14°C over 1 hour and 40 minutes to make
it constant at 315°C. As a result, the internal temperature became stable at 355°C. Even after 15 minutes, the bath
temperature was constant at 315°C and the internal temperature was stable at 355°C, and the temperature was satis-
factorily controlled,

Comparative Example 1

[0192] A catalyst was prepared by the following process. That is, 0.70 g of a commercially available ruthenium chloride
hydrate (RuCl3·3H2O, Ru content: 35.5%) was dissolved in 4.0 g of water. After the aqueous solution was sufficiently
stirred, 5.0 g of silica (Cariact G-10, manufactured by Fuji Silysia Chemical Co., Ltd.) obtained by adjusting a particle
size to 12 to 18.5 mesh and drying under air at 500°C for 1 hour, was impregnated with the solution of ruthenium chloride
dropwise, thereby to support ruthenium chloride by impregnation. The supported one was heated from room temperature
to 100°C under a nitrogen flow (100 ml/min.) over 30 minutes, dried at the same temperature for 2 hours, and then air-
cooled to room temperature to obtain a black solid. The resulting solid was heated from room temperature to 250°C over
1 hour and 30 minutes under an air flow of 100 ml/min., dried at the same temperature for 3 hours and then air-cooled
to room temperature to obtain 5.37 g of black ruthenium chloride catalyst supported on silica. Incidentally, the calculated
value of the content of ruthenium was as follows. 

[0193] According to the same manner as that described in Production Example 1 except that 2.5 g of the ruthenium
chloride catalyst supported on silica thus -obtained was charged in a reaction tube without being diluted with a titanium
oxide carrier in the same manner as that in Production Example 1 and that the hydrogen chloride gas (202 ml/min.) and
the oxygen gas (213 ml/min.) were passed through the reaction tube and the internal temperature was adjusted to 300°,
the reaction was conducted. 1.7 Hours after the beginning of the reaction, the formation activity of chlorine per unit
weight of the catalyst was 0.49 � 10-4 mol/min.g-catalyst.

Comparative Example 2

[0194] A catalyst was prepared by the following process. That is, 8.0 g of a powder obtained by grinding a spherical
titanium oxide (CS-300, manufactured by Sakai Chemical Industry Co., Ltd.) in a mortar was suf f iciently mixed with
0.53 g of a ruthenium dioxide powder (manufactured by NE Chemcat Co., Ltd.) with grinding in a mortar, and then molded
to adjust the particle size to 12-18.5 mesh, thereby to obtain a ruthenium oxide-titanium oxide mixed catalyst. Incidentally,
the calculated value of the content of ruthenium oxide was 6.2% by weight. The calculated value of the content of
ruthenium was 4.7% by weight.
[0195] According to the same manner as that described in Production Example 1 except that 2.5 g of the ruthenium
oxide- titanium oxide mixed catalyst thus obtained was charged in the reaction tube in the same manner as that in
Production Example 1 and that the hydrogen chloride-gas (199 ml/min.) and the oxygen gas (194 ml/min.) were passed
through the reaction tube and the internal temperature was adjusted to 299°C, the reaction was conducted. 2.3 Hours
after the beginning of the reaction, the formation activity of chlorine per unit weight of the catalyst was 0.83 � 10-4

mol/min.g-catalyst.
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Comparative Example 3

[0196] A catalyst was prepared by the following process. That is, 41.7 g of commercially available tetraethyl orthosilicate
was dissolved in 186 ml of ethanol and 56.8 g of titanium tetraisopropoxide was poured into the solution. After stirring
at room temperature for 30 minutes, an aqueous solution which is obtained by sufficiently mixing an aqueous 0.01 mol/l
acetic acid solution, prepared by dissolving 0.14 g of acetic acid in 233 ml of pure water, with 93 ml of ethanol was added
dropwise. As the solution added dropwise, a white precipitate was produced. After the completion of the dropwise
addition, the solution was stirred at room temperature for 1 hour, heated with stirring and then refluxed on an oil bath at
102°C for 1 hour. The temperature of the solution at this time was 80°C. This solution was air-cooled, filtered with a
glass filer, washed with 500 ml of pure water and then filtered again. After this operation was repeated twice, the resultant
was dried under air at 60°C for 4 hour, heated from room temperature to 550°C; for 1.5 hour and then calcined at the
same temperature for 3 hours to obtain 27.4 g of a white solid. The resulting solid was ground to obtain a titania silica
powder.
[0197] The resulting titania silica powder (8.0 g) was impregnated with a solution prepared by dissolving 1.13 g of a
commercially available ruthenium chloride hydrate (RuCl3·nH2O, Ru content: 35.5%) in 8.2 g of water, followed by drying
in air at 60°C for 1 hour to support ruthenium chloride. The supported one was heated from room temperature to 300°C
under a mixed flow of hydrogen (50 ml/min.) and nitrogen (100 ml/min.) over 1. 5 hour, reduced at the same temperature
for 1 hour and then air-cooled to room temperature to obtain 8.4 g of a grayish brown metal ruthenium supported on
titania silica powder.
[0198] The resulting metal ruthenium supported on titania silica powder (8.4 g) was heated from room temperature to
600°C under air flow over 3 hours and 20 minutes and then calcined at the same temperature for 3 hours to obtain 8.5
g of a gray powder. The resulting powder was molded to adjust the particle size to 12 to 18.5 mesh, thereby to obtain
a ruthenium oxide catalyst supported on titania silica.
[0199] Incidentally, the calculated value of the content of ruthenium oxide was as follows. 

[0200] The calculated value of the content of ruthenium was as follows. 

[0201] According to the same reaction manner as that described in Production Example 1 except that the ruthenium
oxide catalyst supported on titania silica (2.5 g) thus obtained was charged in a reaction tube without diluting with the
titanium oxide carrier in the same manner as that described in Production Example 1 and that the hydrogen chloride
gas (180 ml/min.) and the oxygen gas (180 ml/min.) were passed through the reaction tube, the reaction was conducted.
1.8 Hours after the beginning of the reaction, the formation activity of chlorine per unit weight of the catalyst was 0.46
� 10-4 mol/min.g-catalyst.

Comparative Example 4

[0202] A catalyst was prepared by the following process. That is, 60.3 g of chromium nitrate enneahydrate was
dissolved in 600 ml of water and the solution was heated to 45 °C. Then, 64.9 g of 25 wt % ammonia water was added
dropwise over 1.5 hours with stirring, followed by stirring at the same temperature for additional 30 minutes. 3.3 liter of
water was added to the formed precipitate and, after allowing to stand overnight to cause sedimentation, the supernatant
was removed by decantation. Then, 2.7 liter of water was added, followed by stirring sufficiently for 30 minutes. The
precipitate was washed by repeating this operation five times. After the precipitate was washed, the supernatant was
removed by decantation. Then, 49 g of 20 wt % silica sol was added and, after stirring, the mixture was evaporated to
dryness at 60 °C using a rotary evaporator. The resultant was dried at 60 °C for 8 hours and then dried at 120 °C for 6
hours to obtain a green solid. Then, this solid was calcined in air at 600°C for 3 hours and then molded to obtain a
Cr2O)-SiO2 catalyst of 12.5 to 18 mesh.
[0203] According to the same reaction manner as that described in Production Example 1 except that 2.5 g of the
Cr2O3-SiO2 catalyst thus obtained was charged in the reaction tube without being diluted with a titanium oxide carrier
in the same manner as that described in Production Example 1 and that the oxygen gas (200 ml/min.) was passed
through the reaction tube and the internal temperature was adjusted to 301°C, the reaction was conducted. 3.7 Hours
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after the beginning of the reaction, the formation activity of chlorine per unit weight of the catalyst was 0.19 � 10-4

mol/min.g-catalyst.

Comparative Example 5

[0204] A catalyst was prepared by the following process. That is, 10.1 g of a spherical (1-2 mm in size) titanium oxide
carrier (CS-300S-12, manufactured by Sakai Chemical Industry Co., Ltd.) was impregnated with a solution prepared
previously by dissolving 1.34 g of commercially available ruthenium chloride (RuCl3·nH2O, Ru content: 37.3% by weight)
in 3.7 g of pure water, and then dried at 60°C for 4 hours. As a result, a blackish brown solid was obtained. To reduce
this solid with hydrogen, the solid was heated from room temperature to 250°C under a mixed gas flow of hydrogen (20
ml/min.) and nitrogen (200 ml/min.) over 2 hours, and then reduced at the same temperature for 8 hours. After the
reduction, 10.3 g of a black solid was obtained. Then, the resulting solid was heated to 350°C under air over 1 hour,
and then calcined at the same temperature for 3 hours. As a result, 10.6 g of a black ruthenium oxide catalyst supported
on titanium oxide was obtained. Incidentally, the calculated value of the content of ruthenium oxide was as follows. 

[0205] The calculated value of the content of ruthenium was as follows. 

[0206] X-ray diffraction analysis of the titanium oxide used was conducted under the same conditions as those of
Example 1. As a result, the content of the rutile crystal was 0%.
[0207] According to the same reaction manner as that described in Production Example 1 except that 2.5 g of the
ruthenium oxide catalyst supported on titanium oxide thus obtained was charged in the reaction tube in the same manner
as that described in Production Example 1 and that the hydrogen chloride (187 ml/min.) and the oxygen gas (199 ml/min.)
were passed through the reaction tube, the reaction was conducted. 2.0 Hours after the beginning of the reaction, the
formation activity of chlorine per unit weight of the catalyst was 2.89 � 10-4 mol/min.g-catalyst.

Comparative Example 6

[0208] A catalyst was prepared by the following process. That is, 10.0 g of a spherical (1-2 mm in size) 5 wt% supported
metal ruthenium-titanium oxide catalyst (manufactured by N.E. Chemcat Co., Ltd.) was impregnated with an aqueous
0.5 mol/l of potassium chloride solution until water oozed out on the surface of the catalyst, and then dried at 60°C for
1 hour. This operation was repeated twice. The impregnation amount of the aqueous potassium chloride solution was
3.31 g at the first time, and 3.24 g at the second time. The total amount was 6.55 g. The calculated value of the molar
ratio of potassium chloride to ruthenium was 0.66. Then, the resulting solid was dried. The dried one was heated to
350°C under air over 1 hour, and then calcined at the same temperature for 3 hours. Then, the resulting solid was
washed with 500 ml of pure water for 30 minutes and filtered off. This operation was repeated five times. An aqueous
silver nitrate solution was added dropwise to the filtrate and it was confirmed that potassium chloride is not remained.
After washing, the solid was dried at 60°C for 4 hours to obtain 9.9 g of a spherical black ruthenium oxide catalyst
supported on titanium oxide. Incidentally, the calculated value of the content of ruthenium oxide was as follows. 

[0209] The calculated value of the content of ruthenium was as follows. 

[0210] According to the same reaction manner as that described in Production Example 1 except that the catalyst
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was diluted by sufficiently mixing 2.5 g of the ruthenium oxide catalyst supported on titanium oxide thus obtained with
titanium oxide carrier and then charged in a quartz reaction tube (inner diameter: 12 mm) and that the hydrogen chloride
(187 ml/min.) and the oxygen gas (199 ml/min.) were passed through the reaction tube, the reaction was conducted.
2.0 Hours after the beginning of the reaction, the formation activity of chlorine per unit weight of the catalyst was 4.03
� 10-4 mol/min.g-catalyst.

Comparative Example 7

[0211] 40.1 g of a 6.6 wt% ruthenium oxide catalyst supported on titanium oxide (anatase crystal) obtained in the
same manner as that described in Example 1 was charged in the same reaction tube as that in Production Example 2,
and then heated in the same salt bath. The length of the catalyst bed was 9.2 cm.
[0212] Incidentally, the calculated value of the content of ruthenium oxide as the active component (A) of the catalyst
was 6.6% by weight.
[0213] According to the method for evaluation of the controllability of the reaction temperature of Production Example
2, the reaction was conducted. The hydrogen chloride gas (0.88 1/min.) and the oxygengas (0.53 1/min.) were supplied.
5.5 Hours after the beginning of the reaction, the bath temperature became constant at 276°C and the internal temperature
(hot spot) became stable at 301.5°C. The conversion of hydrogen chloride at this time was 37%. Even after 50 minutes,
the bath temperature was constant at 277°C and the internal temperature was stable at 302.3°C. Then, the bath tem-
perature was raised by 4°C in total over 55 minutes to make it constant at 281°C. As a result, the internal temperature
raised to 348°C and it became difficult to control the reaction temperature. At the time when the internal temperature
raised to 348°C, supply of the reaction gas was stopped and the reaction operation ended.

Comparative Example 8

[0214] According to the same manner as that described in Example 1 except for using 65.3 g (51 ml) of a high purity
quartz ball (quartz glass (thermal conductivity of a solid phase at 227°C is 1.6 W/m.°C) sphere of 2 mm in size, manu-
factured by Nikkato Co.) wherein purity of SiO2 is not less than 99.99% in place of a -alumina, a catalyst system was
obtained. The length of the catalyst bed in the same reaction tube as that in Example 1 was 16.5 cm.
[0215] Incidentally, the calculated value of the content of ruthenium oxide as the active component (A) of the catalyst
was as follows. 

[0216] Quartz glass used is not a component (B) because thermal conductivity of a solid phase at 227°C is 1.6 W/m.°C
[0217] According to the same manner as that described in Production Example 3 except that the temperature of the
electric furnace was controlled so that the maximum temperature (hot spot) of the catalyst bed becomes the same
temperature as that in Production Example 3, the reaction was conducted.
[0218] 1 Hour and 15 minutes after the beginning of the supply of hydrogen chloride and oxygen, the temperature of
the electric furnace became constant at 297°C and the maximum temperature (hot spot) of the catalyst bed became
stable at 390°C at the point which is 4 cm from the catalyst bed inlet and, furthermore, the temperature distribution of
the catalyst bed was as shown in Fig. 9. According to the same manner as that described in Example 1, the formation
amount of chlorine and the amount of the non-reacted hydrogen chloride were measured. As a result, the conversion
of hydrogen chloride was 62.3% and the formation efficiency of chlorine was 8.1 mol chlorine/1-catalyst system.h.
(Results are summarized in the Table.)

Table.

Temperature of catalyst 
bed (°C) (hot spot)

Conversion of hydrogen 
chloride1) (%)

Formation efficiency of 
chlorine2) (mol chlorine/ 
catalyst system.h)

Example 1 391 74.9 14.9
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Comparative Example 9

[0219] 121 g of a 6.6 wt% ruthenium oxide catalyst supported on titanium oxide obtained in the same manner as that
described in Example 1 was charged in the same reaction tube as that in Example 2, and then heated in the same salt
bath. The length of the catalyst bed was 54 cm. Incidentally, the calculated value of the content of ruthenium oxide as
the active component (A) of the catalyst was 6.6% by weight.According to the same method for evaluation of the
controllability of the reaction temperature of Example 2, the reaction was conducted. The hydrogen chloride gas (6.1
l/min.) and the oxygen gas (3.05 1/min.) were supplied.
8.4Hours after the beginning of the reaction, the bath temperature became constant at 295.5°C and the internal tem-
perature (hot spot) became stable at 330°C. Then, the bath temperature was raised by 5.5°C in total over 23 minutes
to make it constant at 301°C. As a result, the internal temperature raised to 350°C and it became difficult to control the
reaction temperature. At the time when the internal temperature raised to 350°C, supply of the reaction gas was stopped
and the reaction operation ended.

Claims

1. A process for producing chlorine which comprises oxidizing hydrogen chloride with oxygen, wherein said process
uses a catalyst system containing the following components (A), and not less than 10% by weight of component (B):

(A) an active component of catalyst;
(B) a α-alumina having a thermal conductivity as a solid phase measured by at least one point within a range
from 200 to 500°C not less than 4 W/m. °C; and

(i) wherein the catalyst system is a catalyst made by integrally molding a component (A) and a component
(B) and optionally a catalyst carrier component to provide a molding; or
(ii) wherein the catalyst system comprises both a first molding made by integrally molding the component
(A) with a catalyst carrier component and a second molding containing a component (B).

2. The process according to claim 1, wherein the catalyst system contains at least a component (A), a component (B)
and a catalyst carrier component.

3. The process according to claim 1, wherein the catalyst is made of a molding containing the component (A) supported
on the component (B); or is made of a molding containing both the component (A) supported on the catalyst carrier
component and the component (B); or is made of a molding containing the component (A) supported on a mixture
of the catalyst carrier component with the component (B).

4. The process according to claim 1, wherein the catalyst system contains both, a first molding containing the component
(A) and the component (B) obtained by integrally molding, and a second molding containing the component (B).

5. The process according to any one of the preceding claims, wherein the component (A) is a component containing
ruthenium.

6. The process according to claim 5, wherein the component (A) is a component containing ruthenium oxide.

7. The process according to any one of the preceding claims, wherein the catalyst carrier component is a component
containing titanium oxide.

(continued)

Temperature of catalyst 
bed (°C) (hot spot)

Conversion of hydrogen 
chloride1) (%)

Formation efficiency of 
chlorine2) (mol chlorine/ 
catalyst system.h)

comparative Example 8 390 62.3 8.1

1): Conversion of hydrogen chloride = ((mol formed chlorine per unit time � 2)/(mol supplied chlorine per unit time))
�100
2) : Formation efficiency of chlorine = (mol formed chlorine per unit time)/(volume of charged catalyst system)
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Patentansprüche

1. Ein Verfahren zur Herstellung von Chlor, welches das Oxidieren von Chlorwasserstoff mit Sauerstoff umfasst, wobei
das Verfahren ein Katalysatorsystem verwendet, das die folgenden Komponenten (A) und nicht weniger als 10
Gew.-% der Komponente (B) enthält:

(A) eine aktive Katalysatorkomponente
(B) ein α-Aluminiumoxid mit einer Wärmeleitfähigkeit als eine feste Phase, gemessen an mindestens einem
Punkt in einem Bereich von 200 bis 500 °C, von nicht weniger als 4 W/m. °C; und

(i) wobei das Katalysatorsystem ein Katalysator ist, hergestellt durch integrales Formen einer Komponente
(A) und einer Komponente (B) und gegebenenfalls einer Katalysatorträgerkomponente, um ein Formteil
bereitzustellen; oder
(ii) wobei das Katalysatorsystem sowohl ein erstes Formteil, hergestellt durch integrales Formen der Kom-
ponente (A) mit einer Katalysatorträgerkomponente, als auch ein zweites Formteil, das eine Komponente
(B) enthält, umfasst.

2. Das Verfahren gemäß Anspruch 1, wobei das Katalysatorsystem mindestens eine Komponente (A), eine Kompo-
nente (B) und eine Katalysatorträgerkomponente enthält.

3. Das Verfahren gemäß Anspruch 1, wobei der Katalysator aus einem Formteil hergestellt ist, das die Komponente
(A) auf der Komponente (B) als Träger enthält; oder aus einem Formteil hergestellt ist, das sowohl die Komponente
(A) auf der Katalysatorträgerkomponente als Träger, als auch die Komponente (B) enthält; oder aus einem Formteil
hergestellt ist, das die Komponente (A) auf einem Gemisch aus der Katalysatorträgerkomponente mit der Kompo-
nente (B) als Träger enthält.

4. Das Verfahren gemäß Anspruch 1, wobei das Katalysatorsystem sowohl ein erstes Formteil enthält, das die Kom-
ponente (A) und die Komponente (B), erhalten durch integrales Formen, enthält, als auch ein zweites Formteil
enthält, das die Komponente (B) enthält.

5. Das Verfahren gemäß einem der vorherigen Ansprüche, wobei die Komponente (A) eine Komponente ist, die
Ruthenium enthält.

6. Das Verfahren gemäß Anspruch 5, wobei die Komponente (A) eine Komponente ist, die Rutheniumoxid enthält.

7. Das Verfahren gemäß einem der vorherigen Ansprüche, wobei die Katalysatorträgerkomponente eine Komponente
ist, die Titanoxid enthält.

Revendications

1. Procédé de production de chlore qui comprend l’oxydation de l’acide chlorhydrique avec de l’oxygène, ledit procédé
utilisant un système de catalyseur contenant les composants suivants (A), et non moins de 10 % en poids de
composant (B) :

(A) un composant actif du catalyseur ;
(B) une α-alumine possédant une conductivité thermique, mesurée par au moins un point sous la forme de la
phase solide, dans un intervalle de 200 à 500 °C, non inférieure à 4 W/m.°C ; et

(i) dans lequel le système catalyseur est un catalyseur réalisé en moulant intégralement un composé (A)
et un composé (B) et éventuellement un composé support de catalyseur pour permettre un moulage ; ou
(ii) dans lequel le système catalyseur comprend à la fois un premier moulage effectué en moulant intégra-
lement le composé (A) avec le composé support de catalyseur et un second moulage contenant un composé
(B).

2. Procédé selon la revendication 1 dans lequel le système catalyseur contient au moins un composé (A), un composé
(B) et un composé support de catalyseur.
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3. Procédé selon la revendication 1 dans lequel le catalyseur est réalisé par un moulage contenant le composé (A)
prenant appui sur le composé (B) ; ou est fait d’un moulage contenant à la fois le composé (A), prenant appui sur
le composé support de catalyseur, et le composé (B) ; ou est fabriqué par un moulage contenant le composé (A)
prenant appui sur un mélange du composé support de catalyseur et du composé (B).

4. Procédé selon la revendication 1 dans lequel le système de catalyseur contient à la fois un premier moulage
contenant le composé (A) et le composé (B) obtenu par moulage intégral, et un second moulage contenant le
composé (B).

5. Procédé selon l’une quelconque des revendications précédentes dans lequel le composé (A) est un composé
contenant du ruthénium.

6. Procédé selon la revendication 5, dans lequel le composé (A) est un composé contenant de l’oxyde de ruthénium.

7. Procédé selon l’une quelconque des revendications précédentes, dans lequel le composé support de catalyseur
est un composé contenant de l’oxyde de titane.
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