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CATALYST FOR HYDROGEN
COMBUSTION, PROCESS FOR PRODUCING
SAME, AND METHOD FOR HYDROGEN
COMBUSTION

TECHNICAL FIELD

[0001] The present invention relates to a catalyst for
combusting hydrogen (including isotope hydrogen) in the air
containing iodine, and in particular, provides a hydrogen
combustion catalyst which is hardly subjected to influence
of moisture in an atmosphere and water generated by
hydrogen combustion and which exhibits a slight decrease in
activity by iodine.

BACKGROUND ART

[0002] In recent years, many atomic power stations have
been considering installation of a hydrogen combustion
apparatus (hydrogen recombiner) as a measure for prevent-
ing hydrogen explosion of a nuclear reactor building at the
time of a severe accident. The hydrogen combustion appa-
ratus is equipment for causing hydrogen to undergo oxida-
tion combustion (recombination) to water (water vapor) and
for reducing a hydrogen concentration in a gas, and is
expected as an effective measure for preventing hydrogen
explosion even in a state of power loss at the time of an
accident, because the apparatus does not require a power
source.

[0003] A well-known hydrogen combustion catalyst to be
used in the hydrogen combustion apparatus includes one in
which a precious metal such as platinum or palladium is
supported as catalyst metal on a suitable carrier. In addition,
the application described above nw requires measures for
moisture (water mist, water vapor) in the air and water
generated by a hydrogen combustion reaction. Because,
when these kinds of moisture are adsorbed to a catalyst, they
cover an active site of the catalyst metal, which becomes a
factor of decrease in activity.

[0004] There are some hydrogen combustion catalysts to
which resistance against moisture in an atmosphere has been
given. For example, there is also one in which a hydrophobic
resin such as styrene-divinylbenzene copolymer (SDB) is
applied to a carrier. Furthermore, the present applicant
disclosed hydrogen combustion catalysts to which hydro-
phobicity was given by using an inorganic oxide such as
silica or alumina as a carrier and modifying a hydroxyl
group on the carrier surface with organic silane (PTL 1).
These hydrophobic catalysts shows suppressed adsorption
of water in an atmosphere and can exert hydrogen combus-
tion capability without a decrease in a catalytic activity even
under a wet environment.

CITATION LIST

Patent Literature

[0005] PTL 1: Japanese Patent No. 4807536
SUMMARY OF INVENTION
Technical Problem
[0006] Incidentally, among severe accidents in an atomic

power station, what is particularly concerned about is core
meltdown. Generation of a large quantity of radioactive

Apr. 20, 2017

iodine is predicted at the time of core meltdown, and the
catalyst poisoning by iodine becomes a problem recently.
[0007] In view of this, regarding a hydrogen combustion
catalyst, there is no report that clarifies a measure for iodine
poisoning in consideration of the use in an atomic power
station. That is, the above-described hydrogen combustion
catalyst having a carrier of a hydrophobic resin does not
consider the problem of iodine poisoning at all, and, in
addition to this, since the resin being the carrier is an organic
substance and is combustible, there is an inherent problem
that the resin is hard to appliy to hydrogen combustion.
Furthermore, the hydrogen combustion catalyst described in
PTL 1 undergoes generation of catalyst poisoning in an
iodine-containing atmosphere to thereby cause a decrease in
activity, although the catalyst does not generate a concern
for combustion of the carrier and exerts hydrogen combus-
tion capability. The decrease in activity is seen even in a case
where reaction temperature is raised, and thus the decrease
can not be handled by adjustment of reaction conditions.
[0008] Accordingly, the present invention provides a
hydrogen combustion catalyst which treats a gas that con-
tains iodine and hydrogen, and which is capable of main-
taining hydrogen combustion reaction without influence of
catalyst poisoning by iodine in addition to not being affected
by moisture, and a manufacturing method of the hydrogen
combustion catalyst.

Solution to Problem

[0009] The present invention that solves the above-de-
scribed problem is a hydrogen combustion catalyst including
a catalyst metal supported on a carrier made of an inorganic
oxide, wherein: a functional group having at least one alkyl
group with three or less carbon atoms is bonded to a terminal
of a hydroxyl group on the carrier surface by substitution;
platinum and palladium are supported as the catalyst metal;
and a chlorine content is 300 ppm to 2,000 ppm per 1 mass
% of the total supported amount of a supported amount of
platinum and a supported amount of palladium.

[0010] It is confirmed that platinum and palladium have
hydrogen combustion capability even in a singly supported
state, but exhibit a decrease in the ability when iodine is
contained in a gas to be treated. However, a study by the
present inventors revealed that catalysts in which platinum
and palladium concurrently exist can mitigate influence of
iodine on catalyst poisoning and can suppress a decrease in
activity. That is, a first characteristic of the present invention
lies in that platinum and palladium are concurrently sup-
ported as a catalyst metal for treating an iodine-containing
gas.

[0011] In addition, a second characteristic of the present
invention lies in that a certain amount of chlorine is con-
tained in a catalyst. Chlorine belongs to halogen as is the
case for iodine, and is considered as an element that is easily
adsorbed to a precious metal and becomes a factor of
catalyst poison. The cause for generating a mitigating action
of iodine poisoning by containing such chlorine is not clear.
In this regard, the present inventors estimate that, when a
small amount of chlorine is left on a precious metal surface
of a catalyst, although certain performance degradation
exists, an adhesive force of another halogen (iodine) weak-
ens and accumulation of iodine on the whole precious metal
surface is unlikely to take place, with the result that influ-
ence by iodine is mitigated. Usually, chlorine is often
avoided depending on a reaction system to which a catalyst
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is applied, but in the present invention, the above-described
action of chlorine is actively utilized. In addition, for that
purpose, the inclusion of a certain amount of chlorine is an
indispensable configuration.

[0012] Hereinafter, respective configurations of the pres-
ent invention will be explained in more detail. The hydrogen
combustion catalyst according to the present invention uses,
as a prerequisite, an inorganic oxide as a carrier, and, further,
one in which a hydroxyl group on the carrier surface has
been modified with a prescribed functional group and has
been hydrophobized is applied. The reason why an inorganic
oxide is applied as a carrier is that there is no risk of ignition
even when local heating by reaction heat is generated in a
catalyst layer, and that there is no fear of radiation damage
by a radioactive material. From this standpoint, a carrier
made of resin cannot stand up to both heat and radiation, and
has some concern about durability. In addition, preferably,
inorganic oxides to be a carrier include alumina, silica,
silica-alumina, zeolite, zirconia and titania. These inorganic
oxides have been conventionally utilized as a catalyst car-
rier, and are excellent in porosity and heat resistance. Note
that no particular limitation is imposed on the shape of a
carrier. The carrier is ordinarily cylindrical or pellet-shaped
sphere, but, in addition to these, these inorganic oxides are
coated on a suitable support in a honeycomb, screen shape
or the like, and the coating layer is used as a carrier in some
cases. Note that, as to preferable physical properties of a
carrier, a specific surface area is 70 to 300 m*/g, average
pore diameter is 5 to 100 nm, and pore volume is 0.3 to 1.0
ml/g.

[0013] In addition, in the present invention, the above-
described inorganic oxide in a hydrophobized state is
applied as a carrier. The present invention depends on the
proposition that a hydrogen gas that contains moisture
(including water generated by hydrogen combustion) is
treated, and hydrophobization of a carrier is necessary for
suppressing decrease in activity by the water. Here, a
modification treatment for hydrophobizing a carrier is to
substitute a hydrogen part in a hydroxyl group (OH group)
on the inorganic oxide surface with a functional group
having an alkyl group. The functional group that modifies a
hydroxyl group has at least one alkyl group at a terminal.
The reason why a terminal of a hydroxyl group on the carrier
surface is converted to an alkyl group is the alkyl group is
excellent in an effect of lowering polarity of the carrier
surface to thereby make it possible to discharge a water
molecule rapidly without adsorption of the water molecule
to the carrier. In addition, the number of carbons in the alkyl
group is required to be 3 or less (a methyl group, an ethyl
group, a propyl group). The number of carbons in the alkyl
group exerts an influence on heat resistance to hydrophobi-
zation effect of a catalyst. A carrier modified with an alkyl
group having a carbon number of more than 3 (a butyl group
etc.) tends to lose hydrophobicity under high temperatures,
and brings about moisture adsorption and catalyst deactiva-
tion due to the tendency. The heat resistance is not a direct
problem in the present invention that premises a low tem-
perature reaction, but should be avoided because unevenness
of a reaction is generated when local temperature rise by
reaction heat is caused in the catalyst layer. However, a
functional group may have at least 1 alkyl group, and may
have a plurality of alkyl groups.

[0014] Moreover, organic silane having an alkyl group is
preferable as a functional group that modifies a hydroxyl
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group. This is because the organic silane having an alkyl
group has various forms and excellent reactivity for a
hydroxyl group, as a functional group having an alkyl group.
Concrete examples of the functional groups will be
described in a manufacturing method below.

[0015] Platinum and palladium are concurrently supported
as catalyst metal on a hydrophobized inorganic oxide carrier.
As described above, a state that can mitigate iodine poison-
ing and can suppress a decrease in activity of hydrogen
combustion is limited to a state where platinum and palla-
dium are concurrently supported. It is considered that the
platinum and palladium on the carrier are supported in a
state of being alloyed or in a state of being close to each
other to thereby exert a mitigating action of iodine poison-
ing. From this angle, platinum alone or palladium alone does
not exert a suppression effect of iodine poisoning.

[0016] Regarding supported amounts of platinum and pal-
ladium being catalyst metals, the total supported amount of
platinum and palladium is preferably 0.1 mass % to 5.0 mass
% based on the total mass of the catalyst (the total mass of
the inorganic oxide in a state of being modified with a
functional group, and catalyst metal). Note that, when the
catalyst according to the present invention is used by having
it coated and stacked on a structure such as a metal honey-
comb, the total supported amount of platinum and palladium
is preferably adjusted to be 0.5 to 10 g/L. per volume of the
structure. However, in this case, it is a prerequisite that the
total supported amount of platinum and palladium should be
set to be 0.1 mass % to 5.0 mass % relative to the total mass
of'the catalyst (the total mass of the inorganic oxide in a state
of being modified with a functional group, and catalyst
metal) to be coated on the structure.

[0017] Furthermore, a ratio of supported amounts between
platinum and palladium on the carrier is preferably set in a
range of 12:1 to 1:12 in terms of molar ratio (platinum:
palladium). This is because of exhibiting a suitable sup-
ported state of platinum and palladium (alloying, close
supporting).

[0018] In addition, the hydrogen combustion catalyst
according to the present invention requires inclusion of
chlorine in a certain range. Concretely, the chlorine content
is required to be 300 ppm to 2000 ppm per 1 mass % of the
total supported amount of a supported amount of platinum
and a supported amount of palladium. When the chlorine
content is less than 300 ppm per 1 mass % of the total
supported amount of platinum and palladium, the suppres-
sion effect of iodine poisoning cannot be observed. On the
other hand, when the chlorine content exceeds 2000 ppm per
1 mass % of the total supported amount of platinum and
palladium, poisoning of a metal particle surface by chlorine
becomes large, thereby not giving sufficient catalyst perfor-
mance. Note that the reason why the prescription of the
chlorine content is based on the total supported amount of a
supported amount of platinum and a supported amount of
palladium is that a necessary chlorine amount changes in
accordance with the amount of supported catalyst metal. For
example, when the total supported amount of platinum and
palladium is 1 mass %, chlorine of 300 ppm to 2000 ppm is
necessary, and when the total supported amount of platinum
and palladium is 1.5 mass %, chlorine of 450 ppm to 3000
ppm becomes necessary. Note that, in the present invention,
the chlorine content shows a content as chlorine atoms.
[0019] Next, a manufacturing method of the hydrogen
combustion catalyst according to the present invention will
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be explained. The catalyst manufacturing method according
to the present invention is roughly classified into a hydro-
phobization step of bonding a functional group to a hydroxyl
group on a carrier surface by substitution, a supporting step
of supporting ions of platinum and palladium on the carrier,
and a heat treatment step of heat-treating the carrier to
thereby reduce ions of platinum and palladium.

[0020] In the hydrophobization step of a carrier, the func-
tional group is bonded to a hydroxyl group on the carrier
surface by substitution to thereby hydrophobize a carrier, by
immersing an inorganic oxide to be the carrier in a solution
of' a compound of a functional group having an alkyl group
with three or less carbon atoms at a terminal. A silane
inorganic surface modifier is preferable as a compound for
the hydrophobization, and a preferable silane inorganic
surface modifier having an alkyl group at a terminal includes
any of trimethylmethoxysilane, trimethylethoxysilane, trim-
ethylchlorosilane, dimethyldimethoxysilane, dimethyldi-
ethoxysilane, dimethyldichlorosilane, methyltrimethoxysi-
lane, methyltriethoxysilane, methyltrichlorosilane,
triethylmethoxysilane, triethylethoxysilane, triethylchlo-
rosilane, diethyldimethoxysilane, diethyldiethoxysilane,
diethyldichlorosilane, ethyltrimethoxysilane, ethyltriethox-
ysilane, ethyltrichlorosilane, tripropylmethoxysilane, tripro-
pylethoxysilane, tripropylchlorosilane, dipropyldimethox-
ysilane, dipropyldiethoxysilane, dipropyldichlorosilane,
propyltrimethoxysilane, propyltriethoxysilane and propyl-
trichlorosilane. Compounds having a propyl group include
not only linear ones but also branched ones.

[0021] As a concrete method of the carrier hydrophobiza-
tion treatment, a carrier is immersed in a solution obtained
by dissolving the above-described compound in a solvent.
At this time, hydrogen in a hydroxyl group on the carrier
surface is substituted with a hydrophobic functional group.
After that, the carrier is taken out from the solution and is
suitably washed and dried. Note that the catalyst according
to the present invention is preferably completely substituted
with hydroxyl groups on the carrier surface. The amount of
a compound to be mixed in the solution can be calculated
from a coverage area (m?/g) prescribed for the respective
compounds, weight (g) and a specific surface area (m*/g) of
a carrier ((carrier weightxcarrier specific surface area)/
coverage area of a compound), and, roughly, a compound of
1.0 to 100 g relative to 100 g of the carrier is used. Further,
a liquid amount of the solution (solvent) is preferably set to
an amount allowing the carrier to be completely immersed.
[0022] The step of supporting a catalyst metal on the
hydrophobized carrier is, basically, the same as that in a
manufacturing method of a general catalyst. That is, there is
a method in which the carrier is brought into contact with a
solution of a metal compound of catalyst metal, and, after
that, an atomic metal is supported by a heat treatment. Here,
in the present hydrogen combustion catalyst, the chlorine
content is required to be in a prescribed range. In the present
invention, as metal compounds, solutions of a platinum
compound and a palladium compound are brought into
contact with the carrier as metal compounds, and in the
present invention, chloride of platinum is used as a platinum
compound and chloride of palladium is used as a palladium
compound in order to control concentration of chlorine. The
purpose is to introduce chlorine into the catalyst by using a
chlorinated compound in a stage of a raw material.

[0023] Platinum compounds to be preferably used here
include platinum compounds such as chloroplatinic acid,

Apr. 20, 2017

tetraammineplatinum dichloride, hexaammineplatinum tet-
rachloride, potassium chloroplatinate and platinum chloride.
Furthermore, palladium chloride, dichlorodiamminepalla-
dium, tetraamminepalladium dichloride and the like are
preferable as palladium compounds. These platinum com-
pounds and palladium compounds are brought into contact
with (adsorbed to) the carrier in a solution state. Compound
concentration in the solution is adjusted in accordance with
an amount of the catalyst metal to be supported. Preferably
the concentration of the solution is set to 0.04 to 6.0 mass %.
Furthermore, in the present invention, since the carrier has
hydrophobicity, a polar organic solvent such as alcohol is
preferably applied as the solvent of the compound solution,
but a mixed solvent of water and a polar organic solvent is
also acceptable. In the mixed solvent, a volume ratio of
water/polar organic solvent is preferably 5 to 90, more
preferably 40 to 85. Note that amounts of platinum and
palladium when a platinum compound solution and a pal-
ladium compound solution are to be adsorbed to the carrier
is preferably set to 12:1 to 1:12 in terms of mole ratio, as
described above.

[0024] When a platinum compound solution and a palla-
dium compound solution are to be adsorbed to the carrier,
each of the compound solutions may be adsorbed indepen-
dently, and the order of the compound solutions do not
matter. Furthermore, a mixture of both compound solutions
may be adsorbed to the carrier. As to an adsorbing method
of the solution, a carrier may be immersed in the solution, or
the solution may be dropped onto a carrier. “Simultaneous”
supporting in the present invention means a state where both
platinum and palladium are supported in a completed cata-
lyst, and is not intended to limit timing of supporting each
catalyst metal in a manufacturing process of a catalyst.

[0025] The platinum compound and the palladium com-
pound are adsorbed onto the carrier by bringing the platinum
compound solution and the palladium compound solution
into contact with a carrier. After that, the respective ions are
reduced to thereby generate atomic platinum and palladium,
by suitably performing drying and heat treatment. Further-
more, in the process of the heat treatment, rearrangement of
platinum atoms and palladium atoms is generated, and a
suitable supporting state such as alloying or close supporting
of these is expressed. In addition, in the present invention,
content of chlorine in the catalyst is controlled by adjusting
heat treatment conditions. Heating caused by the heat treat-
ment brings about volatilization of chlorine introduced in a
stage of a raw material, and too much heat treatment causes
chlorine to fall below a prescribed content.

[0026] As to the heat treatment condition, a particularly
necessary matter is setting of a heat treatment temperature.
When heat treatment temperature is high, a catalyst having
alow chlorine content is obtained by excessive volatilization
of chlorine. On the other hand, when heat treatment tem-
perature is low, reduction and a suitable supporting state of
platinum and palladium hardly progress. According to the
examination by the present inventors, the temperature of 150
to 280° C. is set as a heat treatment temperature that ensures
a balance between the reduction and securement of the
chlorine content. When temperature exceeds the range,
disappearance of chlorine becomes intense and control of
the chlorine content in a prescribed range becomes hard.
Note that the heat treatment temperature is particularly
preferably set to 150 to 250° C. for adjusting the chlorine
content.
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[0027] Furthermore, the heat treatment is required to be
performed under an appropriate reduction atmosphere.
Examples of suitable heat treatment atmospheres include a
mixed gas atmosphere that contains 1 to 10 volume % of
hydrogen, and an inert gas (such as nitrogen or argon) as the
residual part. Regarding the mixed gas, disappearance of
chlorine increases in an atmosphere with an excessively high
hydrogen concentration, and thus 10 volume % is set to the
upper limit of the hydrogen concentration. Note that heat
treatment time is preferably set to 0.5 to 10 hours. The heat
treatment time of less than 0.5 hours does not generate
sufficient catalyst metal, and the heat treatment time of more
than 10 hours lowers the content of chlorine even at the
above-described heat treatment temperature.

[0028] The hydrogen combustion catalyst according to the
present invention described above does not require heating
for suppressing adsorption of water generated by hydrogen
combustion reaction and water in an atmosphere, and can
cause a hydrogen combustion reaction to continue at rela-
tively low temperatures. Furthermore, in the hydrogen com-
bustion catalyst according to the present invention, a
decrease in activity by catalyst poisoning is suppressed even
when iodine is included in an atmosphere. Concretely, a
treating method of a hydrogen-containing gas using the
present hydrogen combustion catalyst is effective even when
a hydrogen-containing gas to be treated contains moisture of
the amount of saturated vapor at the reaction temperature.
Moreover, it is also effective for a hydrogen-containing gas
having an iodine concentration of 0.01 to 20 ppm. Note that
the reaction temperature can be set to 10 to 500° C.

Advantageous Effects of Invention

[0029] As described above, in the hydrogen combustion
catalyst according to the present invention, the configuration
of the catalyst metal is optimized, and the chlorine content
in the catalyst is set in a suitable range. Accordingly, even
when iodine is contained in a gas to be treated, hydrogen
combustion can be continuously performed without a large
decrease in activity. Furthermore, the catalyst according to
the present invention presupposes use of a carrier having
hydrophobicity, and a decrease in activity by moisture is also
suppressed.

[0030] In addition, the hydrogen combustion catalyst
according to the present invention can be applied to various
kinds of equipment for hydrogen combustion. In particular,
it is useful as a catalyst mounted to a hydrogen combustion
apparatus (hydrogen recombiner) in an atomic power sta-
tion.

[0031] Moreover, the present inventive hydrogen combus-
tion catalyst is also effective for combustion of deuterium
(D2) and tritium (T) which are isotopes of hydrogen. These
hydrogen isotopes may be treated in nuclear-related facili-
ties such as nuclear fusion generation facilities, and the
hydrogen combustion catalyst can be applied also to hydro-
gen combustion apparatuses set up in these facilities.

BRIEF DESCRIPTION OF DRAWINGS

[0032] FIGS. 1A and 1B show results of hydrogen com-
bustion tests of hydrogen catalysts according to Examples 1
to 5.

[0033] FIGS. 2A and 2B show results of hydrogen com-
bustion tests of hydrogen catalysts according to Compara-
tive Examples 1 to 5.
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DESCRIPTION OF EMBODIMENTS

[0034] Hereinafter, the best embodiment in the present
invention will be explained. In the present embodiment,
silica having been subjected to hydrophobization treatment
was set as a carrier, and a hydrogen combustion catalyst was
manufactured by supporting platinum and palladium on the
silica.

EXAMPLE 1

[0035] First, 100 g of a silica carrier (specific surface area:
230 m?*/g) was prepared as a carrier, and was subjected to a
hydrophobization treatment. The hydrophobization treat-
ment was performed by adding a mixed liquid of 40 g of
methyltrimethoxysilane, 50 g of pure water and 50 g of
ethanol to the silica carrier and by shaking and stirring the
same. After a lapse of one day, the resultant substance was
taken out and washed with pure water, and then, was dried
at 200° C. Prior to a treatment, the carrier was washed with
pure water, and was immersed in an ethanol solution of each
of silane inorganic surface modifiers (concentration: 15 wt
%) for 24 hours. Then, the carrier was taken out, washed
with pure water, and then dried at 200° C. Note that increase
in weight by the silane treatment in this case was about 12%.

[0036] Next, 50 g of a chloroplatinic acid ethanol solution
(Pt concentration: 1.46 mass %, which corresponds to 0.73
g of platinum) and 50 g of a palladium chloride solution (Pd
concentration: 0.80 mass %, which corresponds to 0.40 g of
palladium) were added, as a mixed liquid, to the silica carrier
having been subjected to the hydrophobization treatment
and were impregnated (supporting ratio between platinum
and palladium was 1:1 in mole ratio). After that, ethanol was
vaporized with a rotary evaporator, and the carrier was then
set in a column, and 3 volume % hydrogen gas (N, balance)
was flown at 230° C. for 2 hours to thereby perform
reduction, and a hydrogen combustion catalyst was manu-
factured.

[0037] Furthermore, a chlorine content was measured as to
the hydrogen combustion catalyst manufactured as
described above. The measurement of the chlorine content
was performed by sufficiently crushing the catalyst into a
powder with an agate mortar, and by measuring a chlorine
content in the powder through the use of a coulometric
chlorine analyzer. From the analysis, the measurement value
of the chlorine content of the hydrogen combustion catalyst
according to the Example was 1000 ppm. In addition, since
the total supported amount of the catalyst metal (platinum,
palladium) in the hydrogen combustion catalyst manufac-
tured in the Example is 1.0 mass %, the chlorine content per
1 wt % of the total supported amount of platinum and
palladium in the catalyst is 1000 ppm.

EXAMPLE 2

[0038] In Example 1, a catalyst was manufactured by
setting the hydrogen concentration in a reduction atmo-
sphere to be 10 volume % as a heat treatment condition after
impregnating a compound solution of platinum and palla-
dium. Other manufacturing conditions are the same as those
in Example 1. The chlorine content of the catalyst manu-
factured in this Example 2 was 400 ppm per 1 wt % of the
total supported amount of platinum and palladium.
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EXAMPLE 3

[0039] InExample 1, a heat treatment temperature was set
as low as 180° C. while setting the hydrogen concentration
to be 3 volume % in the same way as in Example 1 as a heat
treatment condition after impregnating the compound solu-
tion of platinum and palladium. Other manufacturing con-
ditions are the same as those in Example 1. The chlorine ion
concentration of the catalyst manufactured in this Example
3 was 1500 ppm per 1 wt % of the total supported amount
of platinum and palladium.

EXAMPLE 4

[0040] In this Example 4, a ratio (mole ratio) of supported
amounts between platinum and palladium being catalyst
metals is changed relative to Example 1 (Pt:Pd=1:1). In the
Example 4, when impregnating a chloroplatinic acid ethanol
solution and a palladium chloride solution, Pt concentration
in a chloroplatinic acid solution was set to 0.35 mass % and
Pd concentration in a palladium chloride solution was set to
1.91 mass %. The use amount of each solution was set to 50
g (corresponding to 0.175 g of platinum and corresponding
to 0.955 g of palladium) in the same way as in Example 1.
A ratio of supported amounts between platinum and palla-
dium is Pt:Pd=1:10 in terms of mole ratio. Other manufac-
turing conditions including the heat treatment condition
were set to the same as those in Example 1. The total
supported amount of the catalyst metal (platinum, palla-
dium) in the catalyst manufactured here is 1 mass %. In
addition, the chlorine content of the catalyst was 1000 ppm
per 1 wt % of the total supported amount of platinum and
palladium.

EXAMPLE 5

[0041] In contrast to Example 4, a ratio of supported
amounts between platinum and palladium is set to
Pt:Pd=10:1 in terms of mole ratio. In the present Example,
when impregnating a chloroplatinic acid ethanol solution
and a palladium chloride solution, a Pt concentration in a
chloroplatinic acid solution was set to 2.142 mass % and a
Pd concentration in a palladium chloride solution was set to
0.116 mass %. The use amount of each solution was set to
50 g (corresponding to 1.071 g of platinum and correspond-
ing to 0.058 g of palladium) in the same way as in Example
1. Other manufacturing conditions including the heat treat-
ment condition were set to the same as those in Example 1.
The total amount of the supported catalyst metal (platinum,
palladium) in the catalyst manufactured here is 1 mass %. In
addition, the chlorine content of the catalyst was 600 ppm
per 1 wt % of the total supported amount of platinum and
palladium.

COMPARATIVE EXAMPLE 1

[0042] In Comparative Example for the above Example,
acetylacetonate complexes (bis(acetylacetonate)platinum
(II), bis(acetylacetonate)palladium (1)) not containing chlo-
rine were used as a platinum compound and a palladium
compound to be raw materials of catalyst metal. As a
platinum compound solution, 50 g of an ethanol solution of
bis(acetylacetonate)platinum (Pt concentration: 1.46 mass
%, corresponding to 0.73 g of platinum), and 50 g of an
ethanol solution of bis(acetylacetonate)palladium (Pd con-
centration: 0.80 mass %, corresponding to palladium 0.40 g)
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were impregnated into the same hydrophobized silica carrier
as in Example 1, which was used as a catalyst in the same
process as in Example 1. Heat treatment conditions were set
to 230° C. and 2 hours. The chlorine content of the catalyst
manufactured in this Comparative Example was 10 ppm per
1 wt % of the total supported amount of platinum and
palladium.

COMPARATIVE EXAMPLE 2

[0043] Inthe Comparative Example, as compared with the
above Example 1, a catalyst was manufactured by setting a
hydrogen concentration as high concentration as 30 volume
% as to a heat treatment condition after impregnating the
compound solution of platinum and palladium. Other manu-
facturing conditions are the same as those in Example 1. The
chlorine content of the catalyst manufactured in the Com-
parative Example was 50 ppm per 1 wt % of the total
supported amount of platinum and palladium.

COMPARATIVE EXAMPLE 3

[0044] In the Comparative Example, a heat treatment
condition after the impregnation of the compound solution is
set to high temperature. Heat treatment conditions were set
so as to be a heat treatment temperature of 300° C. while
setting a hydrogen concentration to 3 volume % that is the
same as in Example 1. Other manufacturing conditions are
the same as those in Example 1. Chlorine ion concentration
of the catalyst manufactured in the Comparative Example
was 200 ppm per 1 wt % of the total supported amount of
platinum and palladium.

COMPARATIVE EXAMPLES 4 AND 5

[0045] In order to confirm the significance of supporting
platinum and palladium at the same time as the configuration
of catalyst metal, catalysts supporting platinum alone (Com-
parative Example 4) and palladium alone (Comparative
Example 5) were manufactured. Basic manufacturing pro-
cesses were similar to those in Example 1, but either a
platinum compound solution alone or a palladium com-
pound solution alone was impregnated into a hydrophobized
silica carrier. After that, a heat treatment was performed
under the same condition as that in Example 1. Chlorine ion
concentrations of catalysts manufactured in these Compara-
tive Examples were 500 ppm (per 1 wt % of the supported
amount of platinum: Comparative Example 4) and 1100 ppm
(per 1 wt % of the supported amount of palladium: Com-
parative Example 5).

[0046] Combustion performance of hydrogen mixture was
evaluated for each of catalysts manufactured in Examples 1
to 5 and Comparative Examples 1 to 5. In a hydrogen
combustion test, hydrogen (H,) mixed gas that contains
hygroscopic moisture was introduced, as a reaction gas, into
a catalyst layer filled with 20 mL of each catalyst immedi-
ately after the manufacture, hydrogen concentrations in
mixed gases before and after passing through the catalyst
layer were measured with gas chromatograph, and hydrogen
combustion ratios at the respective reaction temperatures
were calculated. Calculation was performed as: hydrogen
combustion ratio=(hydrogen concentration before reaction—
hydrogen concentration after reaction)’hydrogen concentra-
tion before reactionx100. A reaction gas to be introduced for
use includes two types, that is, a gas made into a moist
condition (water vapor concentration: 22000 ppm) by bub-
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bling a mixed gas of 1000 ppm of a hydrogen concentration
(air balance) to pure water, and a gas made into a moist
condition (water vapor concentration: 22000 ppm, iodine
gas concentration: 4 ppm) by bubbling a similar mixed gas
to iodine-saturated water (iodine concentration: 0.33 g/L).
Test conditions were set as follows.

[0047] Mixed gas flow rate: 1.6 NL/min

[0048] SV: 4800 h™*

[0049] Reaction temperature: 100° C. to 160° C.

[0050] Test method: Temperature rising rate was set to 2°

C./min, kept for 2 hours after reaching a prescribed

reaction temperature, and the reaction gas was analyzed.
[0051] FIGS. 1 and 2 show results of hydrogen combus-
tion test for the respective catalysts of Examples 1 to 5 and
Comparative Examples 1 to 5. From FIG. 1, catalysts
according to Examples 1 to 5 exhibit a slight decrease in
activity in the presence of moist iodine as compared with a
case of not containing iodine, but the activity rises along
with the reaction temperature and the decrease in activity of
hydrogen combustion is suppressed as compared with the
respective Comparative Examples. The chlorine content is
appropriately adjusted in catalysts in these Examples.
[0052] Furthermore, the ratio (mole ratio) between sup-
ported platinum and supported palladium at the time of
catalyst manufacturing was set in a range of 1:10to 10:1 (1:1
in Examples 1 to 3), and results were excellent also in the
case of these catalysts. Note that, although chlorine contents
are different when making a comparison between Examples
4 and 5 having the same heat treatment condition, it is
assumed that this is because adsorption capability for chlo-
rine is different depending on metal species (platinum,
palladium), and it is considered that this is because an
chlorine adsorption amount by palladium is larger than that
by platinum.
[0053] In contrast, when results of the respective Com-
parative Examples in FIG. 2 are referred to, first, in Com-
parative Example 1 (chlorine content: 10 ppm) in which
chloride as a raw material of a catalyst is not used, the
activity tends to decrease along with temperature rise in the
presence of iodine. This is because iodine poisoning gradu-
ally progresses from the start of a reaction to thereby lead to
deactivation.
[0054] Furthermore, even when a chloride is used as a raw
material of a catalyst, in a case where chlorine disappears in
a manufacturing process, suppression of iodine poisoning
can not be observed. In Comparative Example 2, a hydrogen
concentration at the time of the heat treatment was set as
high as 30% and the catalyst had a low chlorine content of
50 ppm, and the activity of the catalyst also decreased with
a lapse of reaction time. In addition, Comparative Example
5 gives a catalyst having a low chlorine content (chlorine
content: 200 ppm) by setting a heat treatment temperature to
rather high temperature (300° C.), and the same also applies
to the catalyst.
[0055] However, even if a catalyst appropriately contains
chlorine, influence by iodine poisoning cannot be avoided in
the case where the catalyst does not support both platinum
and palladium concurrently as catalyst metal. Comparative
Examples 4 and 5 gave catalysts in which platinum alone
(Comparative Example 4, chlorine content: 500 ppm) and
palladium alone (Comparative Example 5, chlorine content:
1100 ppm) were respectively applied as catalyst metals, and
decrease in activity caused by iodine poisoning was
observed in these catalysts.
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[0056] The maintenance of catalytic activity in an iodine-
existing state is an essential effect in the present invention,
and, for the purpose, it is necessary to set appropriately both
the configuration of catalyst metal and chlorine content in a
catalyst. It was confirmed that the respective Comparative
Examples not provided with these were not suitable ones.

INDUSTRIAL APPLICABILITY

[0057] As described, the hydrogen combustion catalyst
according to the present invention is a catalyst obtained by
suppressing catalyst poisoning by iodine in combustion of
hydrogen gas. In the catalyst according to the present
invention, influence caused by moisture is also eliminated.
Accordingly, the present invention is useful as a catalyst for
a hydrogen combustion device in nuclear power facilities.

1. A hydrogen combustion catalyst comprising a catalyst
metal supported on a carrier composed of an inorganic
oxide, wherein:

a functional group having at least one alkyl group with
three or less carbon atoms is bonded to a terminal of a
hydroxyl group on the carrier surface by substitution;

platinum and palladium are supported as the catalyst
metal; and

a chlorine content is 300 ppm to 2,000 ppm per 1 mass %
of a total supported amount of a supported amount of
platinum and a supported amount of palladium.

2. The hydrogen combustion catalyst according to claim

1, wherein the functional group bonded to a hydroxyl group
on the carrier surface is an organic silane.

3. The hydrogen combustion catalyst according to claim
1, wherein the inorganic oxide constituting the carrier is any
of alumina, silica, silica-alumina, zeolite, zirconia and tita-
nia.

4. The hydrogen combustion catalyst according to claim
1, wherein the total supported amount of a supported amount
of platinum and a supported amount of palladium is 0.1 to
5.0 mass % based on mass of a whole catalyst.

5. A manufacturing method of the hydrogen combustion
catalyst, the hydrogen combustion catalyst being defined in
claim 1, comprising:

a hydrophobization step of immersing an inorganic oxide

to be a carrier in a solution of a compound containing
a functional group having an alkyl group with three or
less carbon atoms at a terminal, to thewreby bond the
functional group to a hydroxyl group on the carrier
surface by substitution;

a supporting step of bringing a platinum compound solu-
tion and a palladium compound solution into contact
with the carrier after the hydrophobization step to
thereby support a platinum ion and a palladium ion; and

a heat treatment step of heat-treating the carrier after the
supporting step to thereby reduce the platinum ion and
the palladium ion, wherein:

in the supporting step, chloride of platinum is used for the
platinum compound solution and chloride of palladium
is used for the palladium compound solution; and

the heat treatment step is to heat the carrier in a reducing
atmosphere at 150 to 280° C. in temperature.

6. The manufacturing method of the hydrogen combus-
tion catalyst according to claim 5, wherein the compound
containing a functional group is a silane inorganic surface
modifier.

7. The manufacturing method of the hydrogen combus-
tion catalyst according to claim 6, wherein the silane inor-
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ganic surface modifier is any of trimethylmethoxysilane,
trimethylethoxysilane, trimethylchlorosilane, dimethyl-
dimethoxysilane, dimethyldiethoxysilane, dimethyldichlo-
rosilane, methyltrimethoxysilane, methyltriethoxysilane,
methyltrichlorosilane, triethylmethoxysilane, triethylethox-
ysilane, triethylchlorosilane, diethyldimethoxysilane, dieth-
yldiethoxysilane, diethyldichlorosilane, ethyltrimethoxysi-
lane, ethyltriethoxysilane, ethyltrichlorosilane,
tripropylmethoxysilane, tripropylethoxysilane, tripropyl-
chlorosilane, dipropyldimethoxysilane, dipropyldiethoxysi-
lane, dipropyldichlorosilane, propyltrimethoxysilane, pro-
pyltriethoxysilane and propyltrichlorosilane.

8. The manufacturing method of the hydrogen combus-
tion catalyst according to claim 5, wherein the reducing
atmosphere in the heat treatment step is a mixed gas in
which hydrogen concentration is 1 to 10 volume % and a
residual part. is an inert gas.

9. A hydrogen combustion method of causing a hydrogen-
containing gas to pass through the hydrogen combustion
catalyst according to claim 1 and combusting hydrogen in
the hydrogen-containing gas, wherein:

the hydrogen-containing gas contains moisture of not
more than an amount of saturated vapor at reaction
temperature and 0.01 ppm or more of iodine; and

hydrogen is combusted while the reaction temperature is
set to 10 to 500° C.

10. The hydrogen combustion catalyst according to claim

2, wherein the inorganic oxide constituting the carrier is any
of alumina, silica, silica-alumina, zeolite, zirconia and tita-
nia.

11. The hydrogen combustion catalyst according to claim
2, wherein the total supported amount of a supported amount
of platinum and a supported amount of palladium is 0.1 to
5.0 mass % based on mass of a whole catalyst.

12. The hydrogen combustion catalyst according to claim
3, wherein the total supported amount of a supported amount
of platinum and a supported amount of palladium is 0.1 to
5.0 mass % based on mass of a whole catalyst.

13. A manufacturing method of the hydrogen combustion
catalyst, the hydrogen combustion catalyst being defined in
claim 2, comprising:

a hydrophobization step of immersing an inorganic oxide

to be a carrier in a solution of a compound containing
a functional group having an alkyl group with three or
less carbon atoms at a terminal, to thewreby bond the
functional group to a hydroxyl group on the carrier
surface by substitution;

a supporting step of bringing a platinum compound solu-
tion and a palladium compound solution into contact
with the carrier after the hydrophobization step to
thereby support a platinum ion and a palladium ion; and

a heat treatment step of heat-treating the carrier after the
supporting step to thereby reduce the platinum ion and
the palladium ion,

wherein:

in the supporting step, chloride of platinum is used for the
platinum compound solution and chloride of palladium
is used for the palladium compound solution; and

the heat treatment step is to heat the carrier in a reducing
atmosphere at 150 to 280° C. in temperature.

14. A manufacturing method of the hydrogen combustion

catalyst, the hydrogen combustion catalyst being defined in
claim 3, comprising:
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a hydrophobization step of immersing an inorganic oxide
to be a carrier in a solution of a compound containing
a functional group having an alkyl group with three or
less carbon atoms at a terminal, to thewreby bond the
functional group to a hydroxyl group on the carrier
surface by substitution;

a supporting step of bringing a platinum compound solu-
tion and a palladium compound solution into contact
with the carrier after the hydrophobization step to
thereby support a platinum ion and a palladium ion; and

a heat treatment step of heat-treating the carrier after the
supporting step to thereby reduce the platinum ion and
the palladium ion,

wherein:

in the supporting step, chloride of platinum is used for the
platinum compound solution and chloride of palladium
is used for the palladium compound solution; and

the heat treatment step is to heat the carrier in a reducing
atmosphere at 150 to 280° C. in temperature.

15. A manufacturing method of the hydrogen combustion
catalyst, the hydrogen combustion catalyst being defined in
claim 4, comprising:

a hydrophobization step of immersing an inorganic oxide

to be a carrier in a solution of a compound containing
a functional group having an alkyl group with three or
less carbon atoms at a terminal, to thewreby bond the
functional group to a hydroxyl group on the carrier
surface by substitution;

a supporting step of bringing a platinum compound solu-
tion and a palladium compound solution into contact
with the carrier after the hydrophobization step to
thereby support a platinum ion and a palladium ion; and

a heat treatment step of heat-treating the carrier after the
supporting step to thereby reduce the platinum ion and
the palladium ion,

wherein:

in the supporting step, chloride of platinum is used for the
platinum compound solution and chloride of palladium
is used for the palladium compound solution; and

the heat treatment step is to heat the carrier in a reducing
atmosphere at 150 to 280° C. in temperature.

16. The manufacturing method of the hydrogen combus-
tion catalyst according to claim 6, wherein the reducing
atmosphere in the heat treatment step is a mixed gas in
which hydrogen concentration is 1 to 10 volume % and a
residual part. is an inert gas.

17. The manufacturing method of the hydrogen combus-
tion catalyst according to claim 7, wherein the reducing
atmosphere in the heat treatment step is a mixed gas in
which hydrogen concentration is 1 to 10 volume % and a
residual part. is an inert gas.

18. A hydrogen combustion method of causing a hydro-
gen-containing gas to pass through the hydrogen combus-
tion catalyst according to claim 2 and combusting hydrogen
in the hydrogen-containing gas, wherein:

the hydrogen-containing gas contains moisture of not
more than an amount of saturated vapor at reaction
temperature and 0.01 ppm or more of iodine; and

hydrogen is combusted while the reaction temperature is
set to 10 to 500° C.

19. A hydrogen combustion method of causing a hydro-
gen-containing gas to pass through the hydrogen combus-
tion catalyst according to claim 3 and combusting hydrogen
in the hydrogen-containing gas, wherein:
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the hydrogen-containing gas contains moisture of not
more than an amount of saturated vapor at reaction
temperature and 0.01 ppm or more of iodine; and

hydrogen is combusted while the reaction temperature is
set to 10 to 500° C.
20. A hydrogen combustion method of causing a hydro-
gen-containing gas to pass through the hydrogen combus-
tion catalyst according to claim 4 and combusting hydrogen
in the hydrogen-containing gas, wherein:
the hydrogen-containing gas contains moisture of not
more than an amount of saturated vapor at reaction
temperature and 0.01 ppm or more of iodine; and

hydrogen is combusted while the reaction temperature is
set to 10 to 500° C.

#* #* #* #* #*
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