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(57) ABSTRACT 

A process for producing chlorine by oxidizing hydrogen 
chloride With oxygen. The process uses various supported 
ruthenium catalysts or a catalyst system containing (A) an 
active component of a catalyst and (B) a compound having 
thermal conductivity of a solid phase measured by at least 
one point Within a range from 200 to 500° C. of not less than 
4 W/m. ° C. 

Speci?cally, in the drafted Abstract, We proposed to delete 
the detailed description of various supported ruthenium 
catalysts Which is present on pages 12 and 13 of the 
speci?cation and in Claim 1. 
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FIG. 5 

Cumulative intrusion vs Radius 
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Cumulative Intrusion vs Radius 
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FIG. 7 

Cumulative Intrusion vs Radius 
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PROCESS FOR PRODUCING CHLORINE 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a divisional of Application No. 09/249,100 
?led Feb. 12, 1999; the disclosure of the above noted prior 
application incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] 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 suf?cient 
temperature for industrially desirable reaction rate. 

[0004] The present invention also relates to a process for 
producing a supported ruthenium oxide catalyst. More par 
ticularly, the present invention relates to a process for 
producing a supported ruthenium oxide catalyst, Wherein 
said process is a process for producing a catalyst having high 
activity and can produce a catalyst having high activity 
capable of producing the desired compound by using a 
smaller amount of the catalyst at a loWer reaction tempera 
ture. 

[0005] Furthermore, the present invention relates to a 
supported ruthenium oxide catalyst. The present invention 
relates to a supported ruthenium oxide catalyst, Wherein said 
catalyst has high activity and can produce the desired 
compound by using a smaller amount of the catalyst at a 
loWer reaction temperature. 

[0006] 2. Description of the Related Art 

[0007] It is Well knoWn that chlorine is useful as a raW 
material of vinyl chloride, phosgene, etc., and can be pro 
duced 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 contain 
ing a ruthenium compound, and also discloses that ruthe 
nium (III) chloride is particularly effective among the ruthe 
nium compounds. Furthermore, a process for supporting a 
ruthenium compound on a carrier is also disclosed and, as 
the carrier, silica gel, alumina, pumice and ceramic material 
are exempli?ed. As the Example, a ruthenium chloride 
catalyst supported on silica is exempli?ed. 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 ruthe 
nium compound as a catalyst component is drastically 
volatiliZed and it Was disadvantageous for industrial use. For 
example, European Patent EP-0184413A2 discloses a pro 
cess for oxidiZing hydrogen chloride by using a chromium 
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oxide catalyst. HoWever, conventionally knoWn processes 
had a problem that the activity of the catalyst is insufficient 
and high reaction temperature is required. 

[0008] 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. 

[0009] 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. 

[0010] The catalyst used in the oxidiZing reaction of 
hydrogen chloride includes, for example, a supported ruthe 
nium oxide catalyst prepared by supporting ruthenium chlo 
ride 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 chlo 
ride is reduced With hydrogen, sintering of ruthenium 
occurs, Which results in decrease of activity of the resulting 
catalyst. 

[0011] Aprocess 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. 

[0012] 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 oxida 
tion number of 0 valence by completely reduction 

[0013] 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 ruthe 
nium 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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[0014] 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. 
[0015] 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. 

[0016] 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 tem 
perature of the catalyst bed increases locally and, therefore, 
the reaction temperature can not be easily controlled. 

[0017] 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 suf?cient temperature for industrially desirable 
reaction rate Without exceeding upper temperature limit for 
keeping high catalyst activity. Therefore, the reaction con 
version is loWered. 

[0018] 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. 

[0019] 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 conduc 
tivity 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. 

[0020] It is knoWn that, since a supported catalyst is 
generally prepared by supporting on a carrier having pore 
diameters 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 

[0021] 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. 
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[0022] 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 hydro 
lyZing 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 ruthe 
nium 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. 

[0023] Aprocess 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. 

[0024] 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 oxida 
tion number of 0 valence by completely reduction. 

[0025] 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 oxi 
diZing after adding hydraZine to ruthenium chloride has loW 
activity because of a formation of complex by adding 
hydraZine to ruthenium chloride. 

[0026] 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. 

[0027] In the case of a content of an OH group on the 
surface of titanium oxide Which is a conventional carrier is 
too large or small, a catalyst having high activity Was not 
obtained and the catalytic activity decreased sometimes as 
time passed. 

[0028] 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 
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vicinity of the outer surface of the catalytic particles. There 
fore, it has been required to develop a technique for sup 
porting ruthenium oxide on the outer surface of the catalyst. 

SUMMARY OF THE INVENTION 

[0029] 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. 

[0030] It is still another object of the present invention to 
provide a process for producing a supported ruthenium 
oxide catalyst, characteriZed in that said process is a process 
for producing a catalyst having high activity and can pro 
duce a catalyst having high activity capable of the desired 
compound using a smaller amount of a catalyst at a loWer 
reaction temperature. 

[0031] It is a further object of the present invention to 
provide a supported ruthenium oxide catalyst, characteriZed 
in that said catalyst has high activity and can produce the 
desired compound using a smaller amount of a catalyst at a 
loWer reaction temperature. 

[0032] That is, the present invention relates to a process 
for producing chlorine by oxidiZing hydrogen chloride With 
oxygen, Wherein said process uses one catalyst selected 
from the folloWing catalysts (1) to (9): 

[0033] (1) a supported ruthenium oxide catalyst obtained 
by the steps Which comprises supporting a ruthenium com 
pound on a carrier, treating the supported one by using a 
basic compound, treating by using a reducing compound, 
and oxidiZing; 

[0034] (2) a supported ruthenium oxide catalyst obtained 
by the steps Which comprises supporting a ruthenium com 
pound 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; 

[0035] (3) a supported ruthenium oxide catalyst obtained 
by the steps Which comprises supporting a ruthenium com 
pound on a carrier, reducing the supported one by using a 
reducing hydrogenated compound, and oxidiZing; 

[0036] (4) a supported ruthenium oxide catalyst obtained 
by using titanium oxide containing rutile titanium oxide as 
a carrier; 

[0037] (5) a supported ruthenium oxide catalyst obtained 
by the steps Which comprises supporting a ruthenium com 
pound on a carrier, treating the supported one by using a 
reducing compound or reducing agent in a liquid phase, and 
oxidiZing, Wherein titanium oxide contains an OH group in 
an amount of 01x10‘4 to 30x10‘4 (mol/g-carrier) per unit 
Weight of a carrier; 
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[0038] (6) a catalyst system containing the folloWing 
components (A), and not less than 10% by Weight of 
component (B): 

[0039] (A) an active component of catalyst; 

[0040] (B) a compound Wherein 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.; 

[0041] (7) a supported ruthenium oxide catalyst having a 
macro pore With a pore radius of 0.03 to 8 micrometer; 

[0042] (8) an outer surface-supported catalyst obtained by 
supporting ruthenium oxide on a carrier at the outer surface; 
and 

[0043] (9) a supported ruthenium catalyst obtained by 
using chromium oxide as a carrier. 

[0044] The present invention also relates to a process for 
producing a supported ruthenium oxide catalyst selected 
from the folloWing processes (1) to (5): 

[0045] (1) a process for producing a supported ruthenium 
oxide catalyst, Which comprises the steps of supporting a 
ruthenium compound on a carrier, treating the supported one 
by using a basic compound, treating by using a reducing 
compound, and oxidiZing; 

[0046] (2) a process for producing a supported ruthenium 
oxide catalyst, Which comprises the steps of supporting a 
ruthenium compound on a carrier, treating the supported one 
by using a reducing compound to form ruthenium having an 
oxidation number of 1 to less than 4 valence, and oxidiZing; 

[0047] (3) a process for producing a supported ruthenium 
oxide catalyst, Which comprises the steps of supporting a 
ruthenium compound on a titanium oxide carrier containing 
rutile titanium oxide, treating the supported one by using a 
reducing agent, and oxidiZing; 

[0048] (4) a process for producing a supported ruthenium 
oxide catalyst, Which comprises the steps of supporting a 
ruthenium compound on a titanium oxide carrier containing 
an OH group in an amount of 01x10‘4 to 30x10‘4 (mol/g 
carrier) per unit Weight of a carrier, treating the supported 
one by using a reducing agent, and oxidiZing; and 

[0049] (5) a process for producing a supported ruthenium 
oxide catalyst containing ruthenium oxide only at an outer 
surface layer, not less than 80% of the outer surface of said 
catalyst satisfying the folloWing expression (1): 

[0050] Wherein L is a distance betWeen a point (A) and a 
point (B), said point (B) being a point formed on the surface 
of a catalyst When a perpendicular line dropped from any 
point (A) on the surface of the catalyst to the inside of the 
catalyst goes out from the catalyst at the opposite side of the 
point (A), and S is a distance betWeen the point (A) and a 
point (C), said point (C) being a point on the perpendicular 
line Where ruthenium oxide does not exist, Wherein said 
process comprises supporting an alkali on a carrier, support 
ing at least one ruthenium compound selected from the 
group consisting of ruthenium halide, rutheniumoxy chlo 
ride, ruthenium-acetylacetonato complex, ruthenium 
organic acid salt and ruthenium-nitrosyl complex on the 
carrier, treating by using a reducing agent, and oxidiZing. 
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[0051] The present invention also relates to a supported 
ruthenium oxide catalyst obtained by supporting on a tita 
nium oxide carrier containing not less than 20% by Weight 
of rutile titanium oxide. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0052] The supported ruthenium oxide catalyst (1) used in 
the present invention is a supported ruthenium oxide catalyst 
obtained by the steps Which comprises supporting a ruthe 
nium 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. 

[0053] 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 ruthe 
nium compound on a carrier, treating the supported one by 
using a reducing agent to form ruthenium having an oxida 
tion number of 1 to less than 4 valence, and oxidiZing the 
resulting one. 

[0054] 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 treat 
ing 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 
exempli?ed 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 com 
pound 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 organo 
sodium compound or an organopotassium compound, pro 
cess of treating by using an organoaluminum compound, 
process of treating by using an organomagnesium com 
pound, and process of treating by using hydrogen. When 
using these reducing agents in an excess amount, the ruthe 
nium compound is reduced to the valence of 0 and, there 
fore, it is necessary to use a suitable amount. 

[0055] The process of measuring the oxidation number of 
the supported ruthenium includes various processes. For 
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example, since nitrogen is mainly generated When using 
hydraZine as the reducing agent, the valence number of 
ruthenium can be determined by the amount of nitrogen 
generated. 
[0056] The reaction scheme Will be shoWn beloW. 

(1) 

[0057] 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 deter 
mined 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. 

[0058] In the present invention, the oxidation number of 
ruthenium Was determined from the amount of nitrogen 
generated by using the scheme 

[0059] The common part With the catalysts (1) and (2) Will 
be explained. 

[0060] 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. 

[0061] 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 K2Ru2OCl1O 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-am 
mine complex, such as [Ru(NH3)5Cl]2+, [Ru(NH3)6] C12, 
[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; ruthe 
nium 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 
KztRuclaNom, [R11(NH3)S(NO>1C13, [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. 
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[0062] The process of supporting the ruthenium com 
pound on the carrier includes, for example, impregnation 
process and equilibrium adsorption process. 

[0063] The reducing compound used for treating the ruthe 
nium 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, hydroxy 
lamine 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 formaldehyde. 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. 
[0064] 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 
hydroxide and lithium hydroxide; alkali metal carbonate 
such as potassium carbonate, sodium carbonate and lithium 
carbonate; and hydroxide of quaternary ammonium salt. 

[0065] 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 
hydroxide 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. 

[0066] 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. Aprocess 
of dipping in an alkali solution of a reducing compound is 
also a preferable process. 

[0067] A process of treating by using a reducing com 
pound or an alkali solution of the reducing compound, and 
adding an alkali metal chloride is also a preferable process. 

[0068] The process of oxidiZing includes, for example, 
process of calcining under air. 

[0069] AWeight 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, ruthenium hydroxide and the like. 
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[0070] 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: 

[0071] a ruthenium compound supporting step: step of 
supporting a ruthenium compound on a carrier of a catalyst; 

[0072] an alkali treating step: step of adding an alkali to 
one obtained in the ruthenium compound supporting step; 

[0073] a reducing compound treating step: step of treating 
one obtained in the alkali treating step by using a reducing 
compound; and 

[0074] an oxidiZing step: step of oxidiZing one obtained in 
the reducing compound treating step. 

[0075] 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. 

[0076] 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: 

[0077] a ruthenium halide compound supporting step: step 
of supporting a ruthenium halide compound on a carrier of 
a catalyst; 

[0078] an alkali treating step: step of adding an alkali to 
one obtained in the ruthenium halide compound supporting 
step; 

[0079] a reducing compound treating step: step of treating 
one obtained in the alkali treating step by using hydraZine, 
methanol, ethanol or formaldehyde; and 

[0080] an oxidiZing step: step of oxidiZing one obtained in 
the reducing compound treating step. 

[0081] 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. 

[0082] More preferred embodiment of the process of pre 
paring the supported ruthenium oxide catalyst used in the 
present invention include a preparation process comprising 
the folloWing steps: 

[0083] a ruthenium halide supporting step: step of sup 
porting ruthenium halide on a carrier of a catalyst; 

[0084] an alkali treating step: step of adding an alkali to 
one obtained in the ruthenium halide supporting step; 

[0085] a hydraZine treating step: step of treating one 
obtained in the alkali treating step by using hydraZine; and 

[0086] an oxidiZing step: step of oxidiZing one obtained in 
the hydraZine treating step. 

[0087] 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. 

[0088] More preferred embodiment of the process of pre 
paring the supported ruthenium oxide catalyst used in the 
present invention include a preparation process comprising 
the folloWing steps: 
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[0089] a ruthenium halide supporting step: step of sup 
porting ruthenium halide on a carrier of a catalyst; 

[0090] an alkali treating step: step of adding an alkali to 
one obtained in the ruthenium halide supporting step; 

[0091] a hydraZine treating step: step of treating one 
obtained in the alkali treating step by using hydrazine; 

[0092] an alkali metal chloride adding step: step of adding 
an alkali metal chloride to one obtained in the hydraZine 
treating step; and 

[0093] an oxidiZing step: step of oxidiZing one obtained in 
the alkali metal chloride adding step. 

[0094] 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. 

[0095] 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 ruthe 
nium chloride hydrate. 

[0096] The amount of ruthenium halide used in the ruthe 
nium halide supporting step is usually an amount corre 
sponding 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 a process 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 pref 
erably from 50 to 200° C. and the drying time is preferably 
from 1 to 10 hours. 

[0097] 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. 

[0098] Regarding a molar ratio of the ruthenium halide to 
alkali is, for example, 3 mol of sodium hydroxide is equiva 
lent 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 
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preferably Within 10 minutes. The temperature is preferably 
from 0 to 100° C., and more preferably from 10 to 60° C. 

[0099] 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 sup 
ported 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 ?ltration. 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 hydra 
Zine or hydraZine hydrate is used. Anhydride and a mono 
hydrate 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 ?ltration. 

[0100] 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. 

[0101] 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. 
[0102] 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 con 
ducted in the same step. 

[0103] 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 
indispensable 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 prefer 
able 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. 

[0104] The alkali metal chloride includes, for example, 
chloride of alkali metal, such as potassium chloride and 
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sodium chloride. Preferable alkaline metal chlorides are 
potassium chloride and sodium chloride, and more prefer 
able 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, suf?cient 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. 

[0105] 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. 

[0106] 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. 

[0107] 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. 

[0108] After impregnating With the alkali metal chloride, 
the catalyst is usually 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. 

[0109] 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 prepa 
ration 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. 

[0110] 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 insuf? 
cient 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. 

[0111] In this case, it is important to calcine in the pres 
ence 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 ?ne particles of ruthenium oxide, 
comparing the process Which includes calcining in the 
substantially absence of the alkali metal salt. 
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[0112] By the calcination, the particles supported on the 
carrier, Which are formed by the alkali treatment and hydra 
Zine treatment, are converted into a supported ruthenium 
oxide catalyst. It can be con?rmed 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. 

[0113] 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 
suf?ciently 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 ?ltrate. HoWever, the 
alkali metal chloride may be remained as far as the effect of 
the present invention is not adversely affected. 

[0114] 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. 

[0115] 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 hydra 
Zine treatment are simultaneously conducted), and oxidiZing 
shoWed higher activity than that of a catalyst obtained by 
treating ruthenium chloride With hydraZine, and oxidiZing. 

[0116] The supported ruthenium oxide catalyst used in the 
catalyst (3) of the present invention, Which is obtained by 
reducing a ruthenium compound supported on a carrier With 
a reducing hydrogenated compound, and oxidiZing, 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. 

[0117] As the carrier, the same carriers as those used in the 
catalysts (1) and (2) of the present invention can be used. 

[0118] As the Weight ratio of the ruthenium oxide to the 
carrier, the same ratio as that in the catalysts (1) and (2) of 
the present invention is used. 

[0119] 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) of the present 
invention are used. 

[0120] The process of supporting the ruthenium com 
pound on the carrier includes, for example, impregnation 
process and equilibrium adsorption process. 

[0121] 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, 
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K3B4H1O, KZBSH9 and Al(BH4)3; organometallic boron 
hydride compound such as LiB[CH(CH3)C2H5]3H, 
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, K3B4H1O and 
KQBSHQ. More preferable one is NaBH4. 

[0122] Preferred embodiment of the process of preparing 
the supported ruthenium oXide catalyst used in the catalyst 
(3) of the present invention include a preparation process 
comprising the folloWing steps: 

[0123] a ruthenium compound supporting step: step of 
supporting a ruthenium compound on a carrier of a catalyst; 

[0124] a reducing step: step of reducing one obtained in 
the ruthenium compound supporting step by using a reduc 
ing hydrogenated compound; and 

[0125] an oXidiZing step: step of oXidiZing one obtained in 
the reducing step; or 

[0126] a ruthenium compound supporting step: step of 
supporting a ruthenium compound on a carrier of a catalyst; 

[0127] a reducing step: step of reducing one obtained in 
the ruthenium compound supporting step by using a reduc 
ing hydrogenated compound; 

[0128] an alkali metal chloride adding step: step of adding 
an alkali metal chloride to one obtained in the reducing step; 
and 

[0129] an oXidiZing step: step of oXidiZing one obtained in 
the alkali metal chloride adding step. 

[0130] More preferred embodiment of the process of pre 
paring the supported ruthenium oXide catalyst used in the 
catalyst (3) of the present invention include a preparation 
process comprising the folloWing steps: 

[0131] a ruthenium halide supporting step: step of sup 
porting ruthenium halide on a carrier of a catalyst; 

[0132] a reducing step: step of reducing one obtained in 
the ruthenium hydride supporting step by using an alkali 
metal boron halide compound; and 

[0133] an oXidiZing step: step of oXidiZing one obtained in 
the reducing compound treating step; or 

[0134] a ruthenium halide supporting step: step of sup 
porting ruthenium halide on a carrier of a catalyst; 

[0135] a reducing step: step of reducing one obtained in 
the ruthenium halide supporting step by using an alkali 
metal boron hydride compound; 

[0136] an alkali metal chloride adding step: step of adding 
an alkali metal chloride to one obtained in the reducing step; 
and 

[0137] an oXidiZing step: step of oXidiZing one obtained in 
the alkali metal chloride adding step. 

[0138] More preferred embodiment of the process of pre 
paring the supported ruthenium oXide catalyst used in the 
catalyst (3) of the present invention include a preparation 
process comprising the folloWing steps: 
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[0139] a ruthenium chloride supporting step: step of sup 
porting ruthenium chloride on a carrier of a catalyst; 

[0140] a reducing step: step of reducing one obtained in 
the ruthenium chloride supporting step by using sodium 
boron hydride; and 

[0141] an oXidiZing step: step of oXidiZing one obtained in 
the reducing step; or 

[0142] a ruthenium chloride supporting step: step of sup 
porting ruthenium chloride on a carrier of a catalyst; 

[0143] a reducing step: step of reducing one obtained in 
the ruthenium chloride supporting step by using sodium 
boron hydride; 

[0144] an alkali metal chloride adding step: step of adding 
an alkali metal chloride to one obtained in the reducing step; 
and 

[0145] an oXidiZing step: step of oXidiZing one obtained in 
the alkali metal chloride adding step. 

[0146] The respective steps Will be explained beloW. 

[0147] 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 chlo 
ride 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. 

[0148] 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. 

[0149] It is also possible to reduce With a reducing com 
pound other then sodium boron hydride. In that case, an 
aprotic anhydrous solvent is preferably used. For eXample, 
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a supported ruthenium compound is reduced With a reducing 
hydrogenated compound other than sodium boron halide by 
using a toluene solvent. 

[0150] The alkali metal chloride adding step is a step of 
adding an alkali metal chloride to one obtained in the 
reducing 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) of the present invention. 

[0151] 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) of the present inven 
tion. 

[0152] By the calcination, the metal ruthenium supported 
on the carrier is converted into a supported ruthenium oxide 
catalyst. It can be con?rmed 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 ruthe 
nium 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. 

[0153] The process of oxidiZing the supported metal ruthe 
nium, 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 calci 
nation is suf?ciently Washed With Water. The process of 
measuring the alkali metal chloride after Washing includes a 
process of examining the presence/absence of White turbid 
ity by adding an aqueous silver nitrate solution to the ?ltrate. 
HoWever, the alkali metal chloride may be remained as far 
as the effect of the present invention is not adversely 
affected. 

[0154] The Washed catalyst is preferably then 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. 

[0155] 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. 

[0156] The supported ruthenium oxide catalyst used in the 
catalyst (4) of the present invention is a supported ruthenium 
oxide catalyst using titanium oxide containing rutile tita 
nium oxide as a carrier. As the titanium oxide, for example, 
rutile titanium oxide, anatase titanium oxide and non-crystal 
titanium oxide are knoWn. The titanium oxide containing 
rutile titanium oxide used in the present invention refers to 
one containing a rutile crystal, Wherein a ratio of the rutile 
crystal to the anatase crystal in the titanium oxide is mea 
sured by X-ray diffraction analysis. The measuring process 
Will be described in detail hereinafter. When the chemical 
composition of the carrier used in the present invention is 
composed of titanium oxide alone, the proportion of the 
rutile crystal is determined from a ratio of the rutile crystal 
to the anatase crystal in the titanium oxide by using X-ray 
diffraction analysis. In the present invention, a mixed oxide 
of the titanium oxide and other metal oxide is also used. In 

Feb. 10, 2005 

that case, the proportion of the rutile crystal is determined by 
the folloWing process. The oxide to be mixed With the 
titanium oxide includes oxides of elements, and preferred 
examples thereof include alumina, Zirconium oxide and 
silica. The proportion of the rutile crystal in the mixed oxide 
is also determined from the ratio of the rutile crystal to the 
anatase crystal in the titanium oxide by using X-ray diffrac 
tion analysis. It is necessary to contain the rutile crystal. In 
this case, the content of the oxide other than the titanium 
oxide in the mixed oxide is Within a range from 0 to 60%by 
Weight. Preferred carrier includes titanium oxide Which does 
not contain a metal oxide other than titanium oxide. 

[0157] It is necessary that the titanium oxide contains the 
rutile crystal. The proportion of the rutile crystal is prefer 
ably not less than 10%, more preferably not less than 30%, 
and most preferably not less than 80%. 

[0158] The process for preparing the titanium oxide con 
taining the rutile crystal includes various processes. In 
general, the folloWing processes are exempli?ed. For 
example, When using titanium tetrachloride as a raW mate 
rial, titanium tetrachloride is dissolved by adding dropWise 
in ice-cooled Water, and then neutraliZed With an aqueous 
ammonia solution to form titanium hydroxide (ortho-titanic 
acid). Thereafter, the formed precipitate Was Washed With 
Water to remove a chlorine ion. In that case, When the 
temperature on neutraliZation becomes higher than 20° C. or 
the chlorine ion is remained in the titanium oxide after 
Washing, conversion into a stable rutile crystal is liable to 
occur on calcination. When the calcination temperature 
becomes not less than 600° C., conversion into rutile occurs 
(Catalyst Preparation Chemistry, 1989, page 211, Kodan 
sha). For example, a reaction gas is prepared by passing an 
oxygen-nitrogen mixed gas through a titanium tetrachloride 
evaporator and the reaction gas is introduced into areactor. 
The reaction betWeen titanium tetrachloride and oxygen 
starts at a temperature of about 400° C. and titanium dioxide 
formed by the reaction of a TiCl4—O2 system is mainly an 
anatase type. HoWever, When the reaction temperature 
becomes not less than 900° C., formation of a rutile type can 
be observed (Catalyst Preparation Chemistry, 1989, page 89, 
Kodansha). The preparation process includes, for example, 
a process of hydrolyZing titanium tetrachloride in the pres 
ence of ammonium sulfate and calcining (e.g. Shokubai 
Kougaku KouZa 10, Catalyst Handbook by Element, 1978, 
page 254, Chijin Shokan) and a process of calcining an 
anatase titanium oxide (e.g. Metal Oxide and Mixed Oxide, 
1980, page 107, Kodansha). Furthermore, rutile titanium 
oxide can be obtained by a process for hydrolyZing an 
aqueous solution of titanium tetrachloride by heating. Rutile 
titanium oxide is also formed by previously mixing an 
aqueous titanium compound solution of titanium sulfate or 
titanium chloride With a rutile titanium oxide poWder, hydro 
lyZing the mixture by heating or using an alkali, and 
calcining at loW temperature of about 500° C. 

[0159] The process of determining the proportion of the 
rutile crystal in the titanium oxide includes a X-ray diffrac 
tion analysis and, as a X-ray source, various X-ray sources 
can be used. For example, a K 0t ray of copper is used. When 
using the K 0t ray of copper, the proportion of the rutile 
crystal and the proportion of the anatase are respectively 
determined by using an intensity of a diffraction peak of 
20=27.5 degree of the plane (110) and an intensity of a 
diffraction peak of 20=25.3 degree of the plane (101). The 
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carrier used in the present invention is one having a peak 
intensity of the rutile crystal and a peak intensity of the 
anatase crystal, or one having a peak intensity of the rutile 
crystal. That is, the carrier has both of a diffraction peak 
intensity of the rutile crystal and a diffraction peak of the 
anatase crystal, or has only a diffraction peak of the rutile 
crystal. Preferred carrier is one Wherein a proportion of the 
peak intensity of the rutile crystal to the total of the peak 
intensity of the rutile crystal and the peak intensity of the 
anatase crystal is not less than 10%. Also in the supported 
ruthenium oxide catalyst using in the titanium oxide carrier 
containing rutile titanium oxide, an amount of an OH group 
contained in the carrier is preferably a similar amount to the 
catalyst (5) of the present invention. Although the details 
Will be described With regard as the catalyst (5) of the 
present invention, the amount of the OH group of the 
titanium oxide of the carrier used in the catalyst is usually 
from 041x10‘4 to 30x10‘4 (mol/g-carrier), preferably from 
0.2><10 to 20x10“4 (mol/g-carrier), and more preferably 
from 3.0><10_4 to 15x10“4 (mol/g-carrier). 

[0160] The supported ruthenium oxide catalyst used in the 
catalyst (5) of the present invention is a supported ruthenium 
oxide catalyst obtained by the steps Which comprises sup 
porting a ruthenium compound on a carrier, treating the 
supported one by using reducing compound or reducing 
agent in a liquid phase, and oxidiZing the resulted one, 
Wherein titanium oxide containing an OH group in an 
amount of 01x10“4 to 30x10“4 (mol/g-carrier) per unit 
Weight of a carrier is used as the carrier. The carrier includes, 
for example, rutile crystal carrier, anatase crystal carrier and 
non-crystal carrier. Preferable carriers are rutile crystal car 
rier and anatase crystal carrier, and more preferable one is 
rutile crystal carrier. It is generally knoWn that a hydroxyl 
group represented by OH, bound to Ti, exists on the surface 
of the titanium oxide. The titanium oxide used in the present 
invention is one containing an OH group, and the process of 
measuring the content of OH group Will be described in 
detail hereinafter. When the chemical composition of the 
carrier used in the present invention is consisting essentially 
of titanium oxide alone, it is determined from the content of 
the OH group in the titanium oxide. In the present invention, 
a mixed oxide of the titanium oxide and other metal oxide 
is also used. The oxide to be mixed With the titanium oxide 
includes oxides of elements, and preferred examples thereof 
include alumina, Zirconium oxide and silica. In that case, the 
content of the oxide other than the titanium oxide in the 
mixed oxide is Within a range from 0 to 60% by Weight. Also 
this case, the content of the OH group per unit Weight of the 
carrier contained in the carrier is determined by the mea 
suring process Which is also described in detail hereinafter. 
Preferred carrier is titanium oxide Which does not contain 
the metal oxide other than the titanium oxide. 

[0161] When the content of the OH group of the carrier is 
large, the carrier and supported ruthenium oxide may react 
each other, resulting in deactivation. On the other hand, 
When the content of the OH group of the carrier is small, the 
activity of the catalyst is loWered sometimes by sintering of 
the supported ruthenium oxide and the other phenomenon 

[0162] The process of determining the content of the OH 
group of the titanium oxide includes various processes. For 
example, a process using a thermogravimetric process (TG) 
is exempli?ed. When using the thermogravimetric process, 
the temperature is kept constant and, after removing excess 
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Water in a sample, the sample is heated and the content of the 
OH group is measured from a Weight loss. According to this 
process, the amount of the sample is small and it is difficult 
to measure With good accuracy. When heat decomposable 
impurities exist in the carrier, there is a draWback that the 
actual content of the OH group is not determined. When 
using the measurement of ignition loss (Igloss) for measur 
ing the content of the OH group from the Weight loss of the 
sample in the same manner, the measurement With high 
accuracy can be conducted if the amount of the sample is 
increased. HoWever, an in?uence of the heat decomposable 
impurities is exerted similar to the case of the thermogravi 
metric process. Furthermore, there is also a draWback that 
the Weight loss obtained by the thermogravimetric process 
and ignition loss measurement also includes the bulk OH 
group content Which is not effective on preparation of the 
catalyst. 
[0163] A process using sodium naphthalene is also exem 
pli?ed. According to this process, an OH group in a sample 
is reacted With sodium naphthalene as a reagent and then the 
content of the OH group is measured from the titration 
amount of sodium naphthalene. In this case, since a change 
in concentration of the reagent for titration and a trace 
amount of Water exert a large in?uence on the results, the 
measuring results are in?uenced by the storage state of the 
reagent. Therefore, it is very di?icult to obtain a value With 
good accuracy. 

[0164] A titration process using an alkyl alkali metal is 
also exempli?ed. The titration process using the alkyl alkali 
metal includes a preferable process of suspending a titanium 
oxide carrier or a titanium oxide carrier poWder in a dehy 
drated solvent, adding dropWise an alkyl alkali metal in a 
nitrogen atmosphere, and determining the amount of the OH 
group contained in the titanium oxide from the amount of 
hydrocarbon generated. In that case, since an alkyl alkali 
metal and Water contained in the dehydrated solvent react 
each other to generate hydrocarbon, the content of the OH 
group in the titanium oxide must be determined by subtract 
ing the generated amount from the measured value. 

[0165] Most preferred process includes a process of sus 
pending a titanium oxide carrier or a titanium oxide carrier 
poWder in a dehydrated solvent, adding dropWise methyl 
lithium in a nitrogen atmosphere, and determining the 
amount of the OH group contained in the titanium oxide 
from the amount of hydrocarbon generated, and the content 
of the OH group in the titanium oxide catalyst Which is used 
in the claims of the present invention is a value obtained by 
this process. 

[0166] The measuring procedure includes, for example, 
the folloWing process. First, a sample is previously dried in 
an air atmosphere at 150° C. for 2 hours and then cooled in 
a desiccator. Thereafter, a predetermined amount of the 
sample is transferred in a ?ask Whose atmosphere Was 
replaced by nitrogen, and then suspended in an organic 
solvent such as dehydrated toluene. The ?ask is ice-cooled 
to inhibit heat generation and, after adding dropWise methyl 
lithium from a dropping funnel, the generated gas is col 
lected and the volume at the measuring temperature is 
measured. The content of the OH group thus determined, 
Which’is used in the catalyst, is usually from 0.1><10_4 to 
30x10 (mol/g-carrier), preferably from 0.2><10_4 to 20x10 
(mol/gi-4carrier), and more preferably from 3.0><10_4 to 
15x10 (mol/g-carrier). 
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[0167] The process of adjusting the amount of the OH 
group contained in the titanium oxide carrier to a predeter 
mined amount includes various processes. For example, a 
calcination temperature and a calcination time of the carrier 
are used for adjusting the OH group of the carrier. The OH 
group in the titanium oxide carrier is eliminated by heating, 
and the content of the OH group can be controlled by 
changing the calcination temperature and calcination time. 
The calcination temperature of the carrier is usually from 
100 to 1000° C., and preferably from 150 to 800° C. The 
calcination time of the carrier is usually from 30 minutes to 
12 hours. In this case, it is necessary to pay attention to the 
point that the surface area of the carrier decreases With the 
increase of the calcination temperature or the calcination 
time. When the titanium oxide is produced from a gas phase, 
one having small content of the OH group can be produced. 
Furthermore, When the titanium oxide is produced from an 
aqueous phase such as aqueous solution, one having large 
content of the OH group can be produced. Furthermore, a 
process of treating the OH group of the carrier by using an 
alkali and a process of reacting the OH group by using 
1,1,1-3,3,3-hexamethyldisilaZane are exempli?ed. 

[0168] The present invention relates to a process for 
producing chlorine by using the above supported ruthenium 
oxide catalyst supported on the carrier. A Weight ratio of 
ruthenium oxide to the carrier is usually Within a range from 
0.1/99.9 to 200/80.0, preferably from 05/995 to 150/850, 
and morepreferably from 1.0/99.0 to 150/850. 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 sup 
ported include ruthenium dioxide, ruthenium hydroxide and 
the like. 

[0169] The process for preparing the supported ruthenium 
oxide catalyst by using the above carrier is a process 
comprising the steps of supporting a ruthenium compound 
on a carrier, treating the supported one by using a reducing 
compound or a reducing agent in a liquid phase, and 
oxidiZing, and the step of treating With a reducing compound 
or a reducing agent in a liquid phase includes, for example, 
a process of treating With a reducing compound or a reduc 
ing agent in a liquid phase Which is conducted in the 
catalysts (1), (2) and (3) of the present invention, and the 
process described beloW. That is, the process includes a 
process of suspending one comprising the already described 
ruthenium compound supported on the carrier in an aqueous 
phase or an organic solvent, and bubbling hydrogen, a 
process of treating by using an organolithium compound 
such as butyl lithium, or an organosodium compound or an 
organopotassium compound in an organic solvent, a process 
of treating by using an organoaluminum compound such as 
trialkyl aluminum, and a process of treating by using an 
organomagnesium compound such as Grignard reagent. 
Furthermore, various organometallic compounds can be 
used and examples thereof include alkali metal alkoxide 
such as sodium methoxide; alkali metal naphthalene com 
pound such as sodium naphthalene; aZide compound such as 
sodium aZide; alkali metal amide compound such as sodium 
amide; organocalcium compound; organoZinc compound; 
organoaluminum alkoxide such as alkyl aluminum alkoxide; 
organotin compound; organocopper compound; organobo 
ron compound; boranes such as borane and diborane; 
sodium ammonia solution; and carbon monoxide. Various 
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organic compound can also be used and examples thereof 
include diaZomethane, hydroquinone and oxalic acid. 

[0170] In a process for producing chlorine by oxidiZing 
hydrogen chloride With oxygen, it is preferable that the 
catalyst (1), (2) or (3) is a supported ruthenium oxide 
catalyst obtained by using titanium oxide containing not less 
than 10% by Weight of rutile titanium oxide as a carrier. 

[0171] It is more preferable that the catalyst (1), (2) or (3) 
is a supported ruthenium oxide catalyst obtained by using 
titanium oxide containing not less than 30% by Weight of 
rutile titanium oxide as a carrier. 

[0172] It is preferable that the catalyst (4) or (5) is a 
supported ruthenium oxide catalyst obtained by supporting 
a ruthenium compound on a carrier, reducing the supported 
one by using a reducing hydrogenated compound, and 
oxidiZing. 

[0173] It is preferable that the catalyst (4) or (5) is a 
supported ruthenium oxide catalyst obtained by supporting 
a ruthenium compound on a carrier, treating the supported 
one by using a reducing compound, and oxidiZing. 

[0174] It is preferable that the catalyst (4) or (5) is a 
supported ruthenium oxide catalyst obtained by supporting 
a ruthenium compound on a carrier, treating the supported 
one by using an alkali solution of a reducing compound, and 
oxidiZing. 

[0175] Next, catalyst system Will be explained belloW. The 
catalyst system (6) in 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: 

[0176] (A) an active component of catalyst; and 

[0177] (B) a compound component Wherein thermal con 
ductivity 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.; 

[0178] 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 con 
taining an active component of the catalyst, but also particles 
of an inactive component containing no catalytic active 
component. The catalyst bed layer includes ?xed bed and 
?uidized bed. 

[0179] 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. 

[0180] 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. 

[0181] 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. 






















































































