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Description

TECHNICAL FIELD

[0001] The present invention relates to a catalyst for combustion of hydrogen (inclusive of isotopes) in an air-containing
gas. In particular, the present invention provides a hydrogen combustion catalyst hardly susceptible to water mist and
water vapor in the atmosphere and water produced by the hydrogen combustion and capable of maintaining the activity
thereof even at relatively low temperatures.

BACKGROUND ART

[0002] A nuclear fusion plant using as fuel deuterium (D) and tritium (T) requires a tritium removal facility that treats
the exhaust gas from the building facility in which a nuclear fusion reactor and the like are placed. This is because the
tritium contained in the exhaust gas is a radioactive substance, and hence even a slightest amount of the tritium is not
allowed to be discharged to the outside of the facility. In the tritium removal facility, the exhaust gas from the building
facility is made to pass through a catalyst layer, thus the tritium-containing hydrogen is combusted into water, the resulting
water component is removed and collected, and thus an exhaust gas in a clean condition is discharged.

Prior Art Document

Non Patent Literature

[0003] Non Patent Literature 1: Introduction to Nuclear Fusion Reactor Engineering (Kaku-Yugou-Ro Kougaku Gairon
in Japanese), September 2001, Masahiro Seki (ed.), published by Nikkan Kogyo Shimbun, Ltd.
[0004] As the catalyst for removal of the tritium, hitherto known hydrogen combustion catalysts have been used
because tritium is a hydrogen isotope and is capable of being combusted similarly to hydrogen. Such hydrogen com-
bustion catalysts are generally those catalysts which are prepared by making catalyst metals such as platinum be
supported on pellet-shaped carriers composed of metal oxides such as silica and alumina. However, in these carriers,
a water film covers platinum having activity, and thus the diffusion of hydrogen to platinum is inhibited; accordingly, these
carriers suffer from a problem that the catalysts are deactivated.
[0005] In the tritium removal facility, the treatment-object gas is heated to about 200°C and then made to pass through
the catalyst layer. This is based on a general knowledge that the activity of the catalyst is high when the reaction
temperature is high, and at the same time, this is for the purpose of suppressing the hydrogen diffusion inhibition due
to the water vapor produced by the hydrogen combustion and the water vapor originally contained in the gas being
treated. In other words, these water components adsorbe to the metal oxide, the carrier, and such adsorbed water offers
a factor to decrease the activity of the catalyst. Accordingly, the reaction temperature is required to be made high for
the purpose of discharging the produced water by evaporating the produced water instantly at the time of its production
to the outside of the catalyst.
[0006] "Palladium-catalyzed oxidative diffusion for tritium extraction from breeder-blanket fluids at low concentrations",
JOURNAL OF NUCLEAR MATERIALS, vol. 141-143, November 1986 (1986-11), pages 238-243, Netherlands ISSN:
0022-3115 to Hsu et al discloses an oxidative diffusion method that can extract hydrogen from metal solutions at extremely
low partial pressures. The hydrogen diffuses through a metal membrane and is oxidised to water. The hydrogen com-
bustion catalyst disclosed is palladium on a zirconium carrier.
[0007] The aforementioned heating of the exhaust gas for the hydrogen combustion is essential for maintaining the
reaction progress of the hydrogen combustion; however, as the matter now stands, from the viewpoint of maintaining
the safety of the nuclear fusion plant, it is preferable to avoid the high temperature of the catalytic oxidation reactor
regarded as an important facility for the purpose of ensuring the safety of the nuclear fusion plant.

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0008] Continuation of the reaction at low temperatures is sometimes required for the hydrogen combustion catalysts
used in plants such as a high-purity hydrogen purification plant, in addition to the aforementioned nuclear fusion plant.
However, the reaction at low temperatures results in the occurrence of the activity decrease due to the adsorption of
the produced water. Accordingly, the present invention provides a hydrogen combustion catalyst requiring no consider-
ation of the effects of the water content in the atmosphere and the produced water due to the combustion reaction, and
being capable of maintaining the reaction at low temperatures.
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Means for Solving the Problems

[0009] The present invention solving the aforementioned problem is a hydrogen combustion catalyst including a catalyst
metal supported on a carrier composed of an inorganic oxide, wherein a functional group having at the end thereof at
least an alkyl group having three or less carbon atoms is bonded by substitution to each of a certain fraction or the whole
of the hydroxyl groups on the surface of the carrier.
[0010] The conventional catalysts are not low in the activities of themselves, and each have a capability of combusting
hydrogen even when the reaction temperature is not made high. As described above, the requirement of heating is for
the purpose of preventing the water content from being absorbed to the carrier. Accordingly, in solving the aforementioned
problem, the suppression of the adsorption of water to the carrier can be said a preferable technique.
[0011] In this connection, examples of a possible method for suppressing the water adsorption include: a counter
measure in which the carrier itself is altered to a hydrophobic substance such as a resin, and a countermeasure in which
a hydrophobic coating film is formed on the carrier. However, carriers made of resins unfortunately suffer from the risk
of ignition and from the durability when local heating occurs due to the reaction heat in the catalyst layer, and also suffer
from the radiation damage due to radioactive substances such as tritium. On the other hand, the coating film formation
unfortunately suffers from the difficulty in forming the coating film while the porousness of the metal oxide carrier is being
maintained.
[0012] Accordingly, the present inventors studied the hydrophobization of the carrier by the surface treatment thereof
wherein the carrier is the conventional metal oxides such as silica and alumina. Specifically, the metal oxides such as
silica and alumina have hydroxyl groups present on the surface thereof, and the present inventors have perfected the
present invention by discovering that the carries are made hydrophobic by modifying these hydroxyl groups with prede-
termined functional groups.
[0013] The modification treatment for hydrophobization in the present invention is the substitution of a functional group
having an alkyl group in the hydrogen moiety of each of a certain fraction or the whole of the hydroxyl groups (OH) on
the surface of the metal oxide. The functional group modifying each of a certain fraction or the whole of the hydroxyl
groups has at the end thereof at least an alkyl group. The end of each of a certain fraction or the whole of the hydroxyl
groups on the surface of the carrier is transformed into an alkyl group because such an alkyl group is excellent in the
effect of reducing the polarity of the surface of the carrier and enables a rapid discharge of water molecules without
allowing water molecules to be adsorbed to the carrier. The number of the carbon atoms in the alkyl group is required
to be three or less (a methyl group, an ethyl group or a propyl group). According to the present inventors, the number
the carbon atoms of the alkyl group affect the heat resistance of the hydrophobization effect of the catalyst. Thus, the
carrier modified with an alkyl group (such as a butyl group) having more than three carbon atoms tends to lose the
hydrophobicity at high temperatures, to thereby result in the water content adsorption and the deactivation of the catalyst.
The aforementioned heat resistance offers no direct problem in the present invention premised on the low temperature
reaction; however, such a problem of the heat resistance should be avoided because when a local temperature increase
due to the reaction heat occurs in the catalyst layer, the nonuniformity of the reaction is caused. The number of the alkyl
groups belonging to the functional group may be at least one, or alternatively the functional group may have a plurality
of alkyl groups.
[0014] The functional group modifying the hydroxyl group is preferably an organic silane having one or more alkyl
groups. This is because such an organic silane, as a functional group having one or more alkyl groups, has a variety of
forms and a satisfactory reactivity with the hydroxyl group. Examples of such an organic silane are described in the
following production method.
[0015] The catalyst carrier according to the present invention is a metal oxide, and is preferably alumina, silica, silica-
alumina, zeolite or zirconia. These metal oxides have hitherto been used as catalyst carriers, and are excellent in
porousness and heat resistance. The shapes of the carriers are not particularly limited. The carriers are generally molded
in cylindrical pellet shapes or spherical pellet shapes; besides these, carriers may also be prepared by coating appropriate
supports such as honeycombs and networks with these metal oxides and by applying hydrophobization treatment to the
resulting coating layers.
[0016] The catalyst metal supported on the carrier is preferably a precious metal, and among others, platinum, palladium
or an alloy of platinum or palladium is suitable for the hydrogen combustion catalyst. According to the below described
carrying method, the catalyst metal takes a form of an atomic metal formed by adsorbing a metal salt solution to the
carrier and by reducing the adsorbate, or a form of a colloidal (cluster-like) metal formed by adsorbing to the carrier a
metal colloid solution prepared beforehand; any of these forms are acceptable. Because of these forms, the particle
size of the catalyst metal is 1 to 100 nm. The loading (loading rate) of the catalyst metal is also not particularly limited;
in general, the loading is set at 0.1 to 10% by weight in relation to the carrier weight.
[0017] The preferable physical properties of the catalyst according to the present invention are as follows: preferably
the specific surface area is 100 to 300 m2/g, the average pore size is 100 to 300 nm, and the pore volume is 0.3 to 1.0 mL/g.
[0018] The above-described method for producing the hydrogen combustion catalyst according to the present invention
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includes: a step of performing a hydrophobization treatment of bonding the functional group through substitution to each
of a certain fraction or the whole of the hydroxyl groups on the surface of the carrier by immersing the inorganic oxide
to be the carrier in a solution of a compound of the functional group having at the end thereof one or more alkyl groups
each having three or less carbon atoms; and a step of subsequently making the carrier carry the catalyst metal.
[0019] The hydrophobization treatment of the carrier is an adsorption of the solution of the compound containing the
functional group modifying each of a certain fraction or the whole of the hydroxyl groups on the surface of the inorganic
oxide. The compound for the hydrophobization treatment is preferably an inorganic silane surface modifier. As the
inorganic silane surface modifier having at the end thereof one or more alkyl groups, any one of the following is preferable:
trimethylmethoxysilane, trimethylethoxysilane, trimethylchlorosilane, dimethyldimethoxysilane, dimethyldiethoxysilane,
dimethyldichlorosilane, methyltrimethoxysilane, methyltriethoxysilane, methyltrichlorosilane, triethylmethoxysilane, tri-
ethylethoxysilane, triethylchlorosilane, diethyldimethoxysilane, diethyldiethoxysilane, diethyldichlorosilane, ethyltrimeth-
oxysilane, ethyltriethoxysilane, ethyltrichlorosilane, tripropylmethoxysilane, tripropylethoxysilane, tripropylchlorosilane,
dipropyldimethoxysilane, dipropyldiethoxysilane, dipropyldichlorosilane, propyltrimethoxysilane, propyltriethoxysilane
and propyltrichlorosilane. The compounds having a propyl group include the branched compounds as well as the linear
compounds.
[0020] Specifically, in the method for hydrophobization treatment of the carrier, the carrier is immersed in a solution
prepared by dissolving the aforementioned compound in a solvent. In this immersion, the hydrogen of each of a certain
fraction or the whole of the hydroxyl groups on the surface of the carrier is substituted with a hydrophobic functional
group. Subsequently, the carrier is taken out of the solution, and appropriately washed and dried. In the catalyst according
to the present invention, the hydroxyl groups on the surface of the carrier preferably wholly undergo such substitution.
The amount of the compound mixed in the solution can be calculated from the coverage area (m2/g) specified for each
of the compounds, and the weight (g) and the specific surface area (m2/g) of the carrier ((weight of carrier 3 specific
surface area of carrier)/coverage area of compound); at an approximate estimation, 1.0 to 100 g of the compound is
used for 100 g of the carrier. Preferably, the volume of the solution (solvent) is approximately such that allows the carrier
to be wholly immersed.
[0021] The carrying of the catalyst metal on the carrier subjected to the hydrophobization treatment is the same as in
conventional catalysts. As the method for carrying of the catalyst metal, there is a conventionally available method in
which a carrier is immersed in a solution of a metal salt, and then the atomic metal is supported by addition of a reducing
agent or by heat treatment. In such a case, the metal salts used for platinum are platinum salts such as dinitrodiammine
platinum and chloroplatinic acid, and the metal salts used for palladium are palladium salts such as dinitrodiammine
palladium and palladium chloride.
[0022] As the method for carrying the catalyst metal, there is available another method in which a metal colloid is
supported on the carrier. A metal colloid is prepared by adding to a solvent a metal salt and, if necessary, an organic
compound to be a protective agent to the solvent, and by adding a reducing agent to the resulting solution. In the case
of supporting a colloid on the carrier, the catalyst can be prepared as follows: the carrier is brought into contact with the
solution following the colloid preparation or with the solution prepared by again dispersing in a solvent the metal colloid
obtained by once filtering the solution following the colloid preparation; thus the metal colloid particles are adsorbed to
the carrier; and then the carrier is appropriately washed and heat treated to prepare the catalyst.
[0023] As described above, the hydrogen combustion catalyst according to the present invention does not need the
heating to suppress the adsorption of the produced water due to the hydrogen combustion reaction and the water present
in the atmosphere, and allows the hydrogen combustion reaction to be continued at relatively low temperatures. In the
method for combusting, by using this hydrogen combustion catalyst, the hydrogen in the hydrogen-containing gas, the
combustion method is effective even for the hydrogen-containing gas, to be the treatment object, containing a water
content equal to the saturated water vapor content at the reaction temperature of the hydrogen-containing gas, and
moreover, allows the reaction temperature to be set at room temperature, specifically, at 0 to 40°C.

Advantageous Effects of Invention

[0024] As described above, the hydrogen combustion catalyst according to the present invention enables, through
the hydrophobicity provided to the carrier, to suppress the adsorption, to the carrier, of the produced water due to the
hydrogen combustion or the water content in the gas being treated. Consequently, without raising the temperature of
the catalyst layer high, the catalytic activity can be maintained. At the same time, the hydrogen combustion catalyst
according to the present invention is water-repellent and hence is provided with resistance to the degradation due to
water staining, such as staining with liquid water from a sprinkler in the case of fire at the time of emergency.
[0025] The hydrogen combustion catalyst according to the present invention is applicable to various types of appara-
tuses for combusting hydrogen, and is suitable for the catalytic oxidation reactor transforming through oxidation the
tritium in the exhaust gas from the tritium utilization facility into water, because of the aforementioned advantages.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

[Fig. 1] Fig. 1 shows the results of the infrared-spectroscopic analysis of the silica carriers untreated and subjected
to hydrophobization treatment.
[Fig. 2] Fig. 2 shows a schematic configuration of a test apparatus for combustion test of tritium.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0027] Hereinafter, the best mode for carrying out the present invention is described. In the present embodiment, for
each of the various carriers, after the hydrophobization treatment, the effect of the hydrophobization was verified, and
the catalyst metal was supported on the hydrophobized carrier to prepare a catalyst, and the effect of the hydrogen
combustion and the effect of the tritium combustion were verified with the catalyst.

[Hydrophobization Treatment of Carrier and Verification of Effect of Hydrophobization Treatment]

[0028] First, as a carrier, 100 g of a silica carrier (specific surface area: 230 m2/g) was prepared and subjected to a
hydrophobization treatment. The hydrophobization treatment was performed as follows: a mixed solution prepared by
uniformly dissolving 40 g of methyltrimethoxysilane, 50 g of purified water and 50 g of ethanol was added to the silica
carrier and the resulting mixture was shaken and stirred for hydrophobization. After one day elapsed, the carrier was
taken out, washed with purified water, and then dried at 200°C. Before the treatment, the carrier was washed with purified
water, and the carrier was immersed for 24 hours in the ethanol solutions (concentration: 15% by weight) of different
inorganic silane surface modifiers. Subsequently, the carrier was taken out from each of the ethanol solutions, washed
with purified water, and dried at 200°C. The weight increase of each carrier due to the silane treatment was about 13%.
[0029] In such hydrophobization treatments for the silica carrier, the same treatment as for methyltrimethoxysilane
was performed by using each of the following inorganic silane surface modifiers other than aforementioned methyltri-
methoxysilane: dimethyldimethoxysilane, n-propyltrimethoxysilane, n-butyltrimethoxysilane and n-hexyltrimethoxysi-
lane.
[0030] For the silica carriers subjected to the hydrophobization treatment with the aforementioned various inorganic
silane surface modifiers, the effects of the hydrophobization were verified. The evaluation tests were performed as
follows: the case where a carrier placed in a water vessel emerged was determined that the hydrophobization effect
was verified; the case where a carrier placed in a water vessel submerged was determined that water adsorbed to the
carrier. The evaluation test was also performed for each of the carriers heat treated at 200°C, 300°C, 400°C, 500°C and
600°C, in addition to the carriers after the hydrophobization treatment. The results of the tests are shown in Table 1.

[0031] From Table 1, the hydrophobization effect of each inorganic silane surface modifier is verified; however, as
can be seen from Table 1, in the cases where the carriers were heated, when the number of the carbon atoms in the
bonded alkyl group was four (as in butyl) or more, the heating at 300°C or higher vanished the hydrophobization effect.
Consequently, in consideration of the possibility of the local elevation of the reaction temperature, it can be stated that
the number of the carbon atoms in the alkyl group is preferably set at three or less.
[0032] Next, the presence of the alkyl group on the surface of the carrier was examined for the silica carriers subjected
to the hydrophobization treatment. In this test, an untreated silica carrier, and silica carriers treated with dimethyldimeth-

[Table 1]

Inorganic silane surface modifier
Heat treatment

None 200°C 300°C 400°C 500°C 600°C

Methyltrimethoxysilane s s s s s s

Dimethyldimethoxysilane s s s s s 3

n-Propyltrimethoxysilane s s s 3 3 3

n-Butyltrimethoxysilane s s 3 3 3 3

n-Hexyltrimethoxysilane s s 3 3 3 3

s: Emerged in water vessel (hydrophobization effect was found)
3: Submerged in water vessel (hydrophobization effect was lost)
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oxysilane but not heat treated, and silica carriers treated with dimethyldimethoxysilane and heat treated at 500°C and
600°C, respectively were analyzed with infrared (IR) spectroscopic analysis. The results thus obtained are shown in Fig.
1; the silica carriers treated with dimethyldimethoxysilane (one not heat treated and one heat treated at 500°C, respec-
tively) each exhibited a peak showing a methyl group. In the aforementioned test for verifying the hydrophobization
effect, the carriers heat treated at 500°C emerged above water; in contrast to this, the carriers heat treated at 600°C
submerged in water; in these analysis results, the carriers heat treated at 600°C lost the methyl group peak, in accordance
with the aforementioned evaluation results.

[Production and Evaluation of Hydrogen Combustion Catalyst]

[0033] A catalyst was produced by using a silica carrier treated with methyltrimethoxysilane, which was proven to be
excellent in hydrophobization effect in the aforementioned test, and the performances of the resulting catalyst were
evaluated. Here, another catalyst was also produced by using an alumina carrier subjected to hydrophobization treatment
with methyltrimethoxysilane. Table 2 shows the physical properties before and after the hydrophobization treatment for
each carrier.

[0034] In the production of the catalysts, to each (100 g) of the carriers, a solution prepared by diluting, in 100 g of
ethanol, 25 g of a 5% ethanol solution of chloroplatinic acid was added to be impregnated into the carrier. Next, the
ethanol was evaporated with a rotary evaporator, then the carrier was placed in a column, 3% hydrogen gas (balanced
with N2) was made to pass through the column at 300°C for 2 hours for the purpose of reduction, and thus a catalyst
was obtained. The platinum concentration of each of the thus produced catalysts was 1.0% by weight.

(Water Absorption Test)

[0035] For the purpose of verifying the hydrophobization effect of each catalyst produced as described above, each
catalyst was pulverized, placed in a desiccator containing water, and allowed to stand still at normal temperature for a
sufficient period of time until the equilibrium water adsorption was attained, and then the adsorption amount of water
was measured. The measurement of the adsorption amount was performed for each of the catalyst powders on the
basis of thermogravimetry-differential thermal analysis (TG-DTA). The adsorption amount was also measured for the
catalysts produced from the carriers not subjected to the hydrophobization treatment. The results thus obtained are
shown in Table 3.

[0036] As can be seen from Table 3, in the case where no hydrophobization treatment was performed, a water
adsorption of 20% or more was found for both of silica and alumina. In each catalyst according to Examples, the adsorption
amount was remarkably reduced, and the hydrophobization treatment effect was verified to be maintained even after
the production of the catalyst.

[Table 2]

Carrier Hydrophobization treatment Specific surface area (m2/g) Pore size (nm) Pore volume (mL/g)

SiO2

None 240 16.6 0.998

Performed 211 12.3 0.648

Al2O3

None 160 15.2 0.607

Performed 143 16.1 0.574

[Table 3]

Catalyst constitution Hydrophobization treatment Water absorption rate

Example 1
Pt/SiO2

Performed 0.7%

Comparative Example 1 None 33.9%

Example 3
Pt/Al2O3

Performed 1.8%

Comparative Example 2 None 24.3%
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(Hydrogen Combustion Test)

[0037] Next, the performance of the combustion of the hydrogen mixed gas was evaluated by using the catalysts
produced as described above and the catalysts produced under the altered production conditions. The catalysts added
in this test were the catalysts produced by altering the platinum loading of the aforementioned catalysts and the catalysts
produced by using platinum colloid as the platinum material. The loading of platinum was adjusted by the used amount
of the ethanol solution of chloroplatinic acid.
[0038] In the production of catalysts based on the use of colloid, each carrier was made to support platinum colloidal
particles as the catalyst metal. The supported platinum colloid was prepared as follows: 44.5 g (2.0 g as platinum) of a
solution of dinitrodiammine platinum nitrate (platinum: 4.5%), 4.0 g of tetramethyl ammonium and 500 mL of ethanol
were mixed in 2000 mL of water, the resulting mixture was allowed to react for 11 hours while being reduced under
stirring and heating in an oil bath. The colloid solution after the reaction was filtered with a 0.2-mm membrane filter, and
further concentrated with a rotary evaporator to yield a 2% platinum colloid solution.
[0039] In the support of the platinum colloid on a carrier, 100 g of the carrier was placed in a beaker containing 200
mL of ethanol, and 25 g of the aforementioned platinum colloid solution was added to the beaker to allow the platinum
colloid to adsorb to the carrier. Then, the solution was placed in a rotary evaporator, the water and the ethanol were
evaporated, then the carrier was placed in a column, 3% hydrogen gas (balanced with N2) was made to pass through
the column at 300°C for 2 hours, and thus a catalyst was obtained. The platinum concentration of each of the thus
produced catalysts was 1.0% by weight.
[0040] In the hydrogen combustion test, a moisture-containing hydrogen mixed gas (relative humidity: 95%, balanced
with N2) was introduced into a catalyst layer prepared by packing the catalyst (catalyst volume: 130 mL), and the
decomposition efficiency was calculated by dividing the hydrogen concentration in the mixed gas before the passage
through the catalyst layer by the hydrogen concentration in the mixed gas after the passage through the catalyst layer.
In this test, for comparison, the combustion test of the catalysts using carriers not subjected to hydrophobization treatment
was also performed. Moreover, as references, the combustion test of the catalysts using resins as the carriers was also
performed. The evaluation of the performance of each of Examples was performed by taking as the decomposition
efficiency the value obtained by dividing the concentration at the inlet of the catalyst layer by the concentration at the
outlet of the catalyst layer. The hydrogen concentrations of the mixed gas at the inlet and outlet of the catalyst layer
were measured with a gas chromatograph. From the performance of the gas chromatograph used, the effective meas-
urement upper limit of the decomposition efficiency was 1000. The details of the test conditions are as follows:

• The hydrogen concentration in the mixed gas before the passage through the catalyst layer: 10300 ppm
• The moisture concentration: 95% in relative humidity
• The temperature at the inlet of the catalyst layer: 20°C
• The catalyst amount in the catalyst layer: 100 cm3

• The flow rate of the mixed gas: 500, 2000 and 5000 cm3 (STP)/min
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[0041] As can be seen from the results of the aforementioned hydrogen combustion test, the catalyst subjected to the
hydrophobization treatment, according to each of Examples, exhibited an excellent decomposition efficiency also for
the reaction gas under the conditions saturated with water vapor. This is ascribable to the suppression of the adsorption
of the water content in the gas as well as the adsorption of the produced water due to the hydrogen combustion reaction.
The hydrophobization effect in each of Examples can be said comparable with the hydrophobization effects in the resin
carriers of Reference Examples; however, the catalysts of Examples can be said excellent in handleability in that the
catalysts of Examples are free from the adverse possibility of such damages at high temperatures as occurring in the
resin carriers.

(Tritium Combustion Test)

[0042] Next, a tritium combustion test was performed. This test was performed for Examples 1 and 2, which were
satisfactory in the results of the aforementioned hydrogen combustion test, for Comparative Examples 1 and 2 and the
Reference Examples 1 and 2, as the contrast examples of Examples 1 and 2. Fig. 2 illustrates a test apparatus for the
tritium combustion test. In the tritium combustion test, a test gas from a test gas feeding source was made to pass
through two catalyst towers; in a first catalyst tower, the catalyst of each of Examples was packed (50 cc) and in a second
catalyst tower, a commercially available platinum catalyst was packed (100 cc). The water vapor produced in each of
the catalyst towers was collected with a HTO (tritiated water) trap and sampled, and the tritium combustion amount was
determined with a liquid scintillation counter. The evaluation of the performance of each of Examples was performed in
terms of the reaction percentage (H1/(H1+ H2)) 3 100 (%) wherein H1 represents the tritium combustion amount in the
first tower and H2 represents the tritium combustion amount in the second tower. The details of the test conditions are
as follows:

• The tritium concentration in the test gas: 1000 Bq/cc (corresponding to 0.02 ppm hydrogen)
• The moisture: Entrainment of saturated water vapor
• The temperature of the catalyst layer: 15°C (first tower), 250°C (second tower)
• The flow rate of the test gas: 500, 1000 and 2500 cm3 (STP)/min



EP 2 514 526 B1

10

5

10

15

20

25

30

35

40

45

50

55

[T
ab

le
 5

]

C
ar

rie
r

P
la

tin
um

 m
at

er
ia

l
Lo

ad
in

g 
ra

te
In

or
ga

ni
c 

su
rf

ac
e 

m
od

ifi
er

R
ea

ct
io

n 
pe

rc
en

ta
ge

 (
%

)

50
0 

(c
m

3 /
m

in
)

10
00

 (
cm

3 /
m

in
)

25
00

 (
cm

3 /
m

in
)

E
xa

m
pl

e 
1

S
iO

2
C

hl
or

op
la

tin
ic

 a
ci

d
1.

0w
t%

M
et

hy
ltr

im
et

ho
xy

si
la

ne
8.

6
6.

3
3.

3

E
xa

m
pl

e 
2

D
im

et
hy

ld
im

et
ho

xy
si

la
ne

7.
7

5.
3

3.
3

C
om

pa
ra

tiv
e 

E
xa

m
pl

e 
1

S
iO

2
C

hl
or

op
la

tin
ic

 a
ci

d
1.

0w
t%

N
on

e
1.

6
1.

3
0.

8

C
om

pa
ra

tiv
e 

E
xa

m
pl

e 
2

A
l 2

O
3

N
on

e
0.

5
0.

7
0.

1

R
ef

er
en

ce
 E

xa
m

pl
e 

1
R

es
ig

n*
1

C
hl

or
op

la
tin

ic
 a

ci
d

1.
0w

t%
-

7.
4

2.
1

1.
9

R
ef

er
en

ce
 E

xa
m

pl
e 

2
R

es
in

*2
-

5.
4

7.
0

3.
9

*1
 R

es
in

: S
ty

re
ne

-d
iv

in
yl

be
nz

en
e

*2
 R

es
in

: t
er

t-
B

ut
yl

st
yr

en
e



EP 2 514 526 B1

11

5

10

15

20

25

30

35

40

45

50

55

[0043] As can be seen from the results of this tritium combustion test, the catalysts of Examples 1 and 2, subjected
to the hydrophobization treatment were observed to be remarkably improved in the reaction percentage, as compared
to the catalysts not subjected to the hydrophobization treatment. The catalysts of Examples 1 and 2 have the performances
equal to or higher than the performances of the catalysts supported on the resin carrier of Reference Examples 1 and
2, and such performances combined with no adverse possibility of damages at high temperatures allow the catalysts of
Examples 1 and 2 to be stated as extremely advantageous. The reaction percentages in this test fall within a range of
several percent, and are apparently regarded as resulting in low levels of results; however, such results are inferred to
be ascribable to the considerably low tritium concentration of the test gas, and to no improvement of the catalytic activity
by the reaction heat because of the small reaction heat due to such low concentration of tritium. However, probably the
reaction percentage can be coped with by the optimization of the operation conditions.

Industrial Applicability

[0044] As described above, the hydrogen combustion catalyst according to the present invention suppresses the
catalytic activity decrease due to the water content in the atmosphere and the produced water due to the combustion
reaction. Consequently, the hydrogen combustion catalyst according to the present invention is effective, for example,
in the case where the continuation of the reaction at low temperatures is demanded, and is expected to be actively used
in the facilities such as high-purity hydrogen purification plants as well as nuclear fusion plants.

Claims

1. A hydrogen combustion catalyst comprising a catalyst metal and a carrier, the catalyst metal being supported on
the carrier,
characterised in that,
the carrier is composed of an inorganic oxide;
the carrier includes an organic silane having at least an alkyl group having three or less carbon atoms, bonded by
substitution to the end of each of a certain fraction or the whole of the hydroxyl groups on the surface of the carrier; and
the catalyst metal is supported on the carrier including the organic silane bonded thereto.

2. The hydrogen combustion catalyst according to claim 1, wherein the inorganic oxide forming the carrier is any one
of alumina, silica, silica-alumina, zeolite and zirconia.

3. The hydrogen combustion catalyst according to claim 1 or 2, wherein the catalyst metal comprises platinum, palladium
or an alloy of platinum or palladium.

4. A method for producing a hydrogen combustion catalyst according to any one of claims 1 to 3, the method comprising:

a step of performing a hydrophobization treatment of bonding an inorganic silane surface modifier through
substitution to each of a certain fraction or the whole of the hydroxyl groups on the surface of the carrier by
immersing the inorganic oxide to be the carrier in a solution of the inorganic silane surface modifier having at
the end thereof an alkyl group having three or less carbon atoms; and
a step of subsequently making the carrier carry the catalyst metal.

5. The method for producing a hydrogen combustion catalyst according to claim 4, wherein the inorganic silane surface
modifier is any one of trimethylmethoxysilane, trimethylethoxysilane, trimethylchlorosilane, dimethyldimethoxysilane,
dimethyldiethoxysilane, dimethyldichlorosilane, methyltrimethoxysilane, methyltriethoxysilane, methyltrichlorosi-
lane, triethylmethoxysilane, triethylethoxysilane, triethylchlorosilane, diethyldimethoxysilane, diethyldiethoxysilane,
diethyldichlorosilane, ethyltrimethoxysilane, ethyltriethoxysilane, ethyltrichlorosilane, tripropylmethoxysilane, tripro-
pylethoxysilane, tripropylchlorosilane, dipropyldimethoxysilane, dipropyldiethoxysilane, dipropyldichlorosilane, pro-
pyltrimethoxysilane, propyltriethoxysilane and propyltrichlorosilane.

6. A method for combusting hydrogen, the method combusting the hydrogen in a hydrogen-containing gas by making
the hydrogen-containing gas pass through the hydrogen combustion catalyst according to any one of claims 1 to 3,
wherein the hydrogen-containing gas contains a water content equal to or less than the saturated water vapour
content at the reaction temperature of the hydrogen-containing gas; and
the hydrogen is combusted by setting the reaction temperature at 0 to 40°C.
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7. A catalytic oxidation reactor placed in a tritium utilization facility and used for transforming through oxidation the
tritium in the exhaust gas from the facility into tritiated water,
wherein the catalytic oxidation reactor is provided with the hydrogen combustion catalyst according to any one of
claims 1 to 3.

Patentansprüche

1. Wasserstoffverbrennungskatalysator, umfassend ein Katalysatormetall und einen Träger, wobei das Katalysator-
metall auf dem Träger geträgert ist, dadurch gekennzeichnet, dass
der Träger aus einem anorganischen Oxid besteht; der Träger ein organisches Silan mit mindestens einer Alkyl-
gruppe mit drei oder weniger Kohlenstoffatomen, das durch Substitution an das Ende jeweils einer bestimmten
Fraktion oder aller der Hydroxylgruppen an der Oberfläche des Trägers gebunden ist, enthält und
das Katalysatormetall auf dem Träger mit dem daran gebundenen organischen Silan geträgert ist.

2. Wasserstoffverbrennungskatalysator nach Anspruch 1, wobei es sich bei dem den Träger bildenden anorganischen
Oxid um Aluminiumoxid, Siliciumdioxid, Siliciumdioxid-Aluminiumoxid, Zeolith oder Zirconiumdioxid handelt.

3. Wasserstoffverbrennungskatalysator nach Anspruch 1 oder 2, wobei das Katalysatormetall Platin, Palladium oder
eine Legierung von Platin und Palladium umfasst.

4. Verfahren zur Herstellung eines Wasserstoffverbrennungskatalysators nach einem der Ansprüche 1 bis 3, wobei
das Verfahren Folgendes umfasst:

einen Schritt der Durchführung einer Hydrophobierungsbehandlung der Anbindung eines anorganischen Silan-
Oberflächenmodifizierungsmittels durch Substitution jeweils einer bestimmten Fraktion oder aller der Hydroxyl-
gruppen an der Oberfläche des Trägers durch Eintauchen des als Träger dienenden anorganischen Oxids in
eine Lösung des anorganischen Silan-Oberflächenmodifizierungsmittels, das an seinem Ende eine Alkylgruppe
mit drei oder weniger Kohlenstoffatomen aufweist; und
einen Schritt der anschließenden Trägerung des Katalysatormetalls auf dem Träger.

5. Verfahren zur Herstellung eines Wasserstoffverbrennungskatalysators nach Anspruch 4, bei dem es sich bei dem
anorganischen Silan-Oberflächenmodifizierungsmittel um Trimethylmethoxysilan, Trimethylethoxysilan, Trimethyl-
chlorsilan, Dimethyldimethoxysilan, Dimethyldiethoxysilan, Dimethyldichlorsilan, Methyltrimethoxysilan, Methyltriet-
hoxysilan, Methyltrichlorsilan, Triethylmethoxysilan, Triethylethoxysilan, Triethylchlorsilan, Diethyldimethoxysilan,
Diethyldiethoxysilan, Diethyldichlorsilan, Ethyltrimethoxysilan, Ethyltriethoxysilan, Ethyltrichlorsilan, Tripropylme-
thoxysilan, Tripropylethoxysilan, Tripropylchlorsilan, Dipropyldimethoxysilan, Dipropyldiethoxysilan, Dipropyldi-
chlorsilan, Propyltrimethoxysilan, Propyltriethoxysilan oder Propyltrichlorsilan handelt.

6. Verfahren zum Verbrennen von Wasserstoff, bei dem der Wasserstoff in einem wasserstoffhaltigen Gas durch
Durchleiten des wasserstoffhaltigen Gases durch den Wasserstoffverbrennungskatalysator nach einem der An-
sprüche 1 bis 3 verbrannt wird,
wobei das wasserstoffhaltige Gas einen Wassergehalt kleiner gleich dem Sättigungswasserdampfgehalt bei der
Reaktionstemperatur des wasserstoffhaltigen Gases enthält; und
der Wasserstoff durch Einstellen der Reaktionstemperatur auf 0 bis 40°C verbrannt wird.

7. Katalytischer Oxidationsreaktor, der in einer Einrichtung zur Nutzung von Tritium angeordnet ist und zur Umwandlung
des Tritiums im Abgas aus der Einrichtung durch Oxidation in tritiiertes Wasser verwendet wird,
wobei der katalytische Oxidationsreaktor mit dem Wasserstoffverbrennungskatalysator nach einem der Ansprüche
1 bis 3 ausgestattet ist.

Revendications

1. Catalyseur de combustion d’hydrogène comprenant un métal catalyseur et un support, le métal catalyseur étant
supporté par le support, caractérisé en ce que
le support est composé d’un oxyde inorganique ;
le support comporte un silane organique ayant au moins un groupe alkyle ayant trois atomes de carbone ou moins,
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lié par substitution à l’extrémité de chacun d’une certaine fraction ou de la totalité des groupes hydroxyle sur la
surface du support ; et
le métal catalyseur est supporté par le support comportant le silane organique lié à celui-ci.

2. Catalyseur de combustion d’hydrogène selon la revendication 1, dans lequel l’oxyde inorganique formant le support
est n’importe quel composé parmi l’alumine, la silice, la silice-alumine, la zéolithe et la zircone.

3. Catalyseur de combustion d’hydrogène selon la revendication 1 ou 2, dans lequel le métal catalyseur comprend du
platine, du palladium ou un alliage de platine ou de palladium.

4. Procédé de production d’un catalyseur de combustion d’hydrogène selon l’une quelconque des revendications 1 à
3, le procédé comprenant :

une étape de réalisation d’un traitement d’hydrophobisation consistant à lier un modificateur de surface à base
de silane inorganique par substitution à chacun d’une certaine fraction ou de la totalité des groupes hydroxyle
sur la surface du support en plongeant l’oxyde inorganique destiné à être le support dans une solution du
modificateur de surface à base de silane inorganique ayant à l’extrémité de celui-ci un groupe alkyle ayant trois
atomes de carbone ou moins ; et
une étape consistant ensuite à faire en sorte que le support porte le métal catalyseur.

5. Procédé de production d’un catalyseur de combustion d’hydrogène selon la revendication 4, dans lequel le modi-
ficateur de surface à base de silane inorganique est n’importe quel composé parmi le triméthylméthoxysilane, le
triméthyléthoxysilane, le triméthylchlorosilane, le diméthyldiméthoxysilane, le diméthyldiéthoxysilane, le diméthyl-
dichlorosilane, le méthyltriméthoxysilane, le méthyltriéthoxysilane, le méthyltrichlorosilane, le triéthylméthoxysilane,
le triéthyléthoxysilane, le triéthylchlorosilane, le diéthyldiméthoxysilane, le diéthyldiéthoxysilane, le diéthyldichloro-
silane, l’éthyltriméthoxysilane, l’éthyltriéthoxysilane, l’éthyltrichlorosilane, le tripropylméthoxysilane, le tripropylé-
thoxysilane, le tripropylchlorosilane, le dipropyldiméthoxysilane, le dipropyldiéthoxysilane, le dipropyldichlorosilane,
le propyltriméthoxysilane, le propyltriéthoxysilane et le propyltrichlorosilane.

6. Procédé de combustion d’hydrogène, le procédé brûlant l’hydrogène dans un gaz contenant de l’hydrogène en
faisant passer le gaz contenant de l’hydrogène à travers le catalyseur de combustion d’hydrogène selon l’une
quelconque des revendications 1 à 3,
le gaz contenant de l’hydrogène contenant une teneur en eau égale ou inférieure à la teneur en vapeur d’eau saturée
à la température de réaction du gaz contenant de l’hydrogène ; et
l’hydrogène étant brûlé en réglant la température de réaction à 0 à 40 °C.

7. Réacteur d’oxydation catalytique placé dans une installation d’utilisation de tritium et utilisé pour transformer par
oxydation le tritium dans le gaz d’échappement de l’installation en eau tritiée,
le réacteur d’oxydation catalytique étant pourvu du catalyseur de combustion d’hydrogène selon l’une quelconque
des revendications 1 à 3.
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