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HYDROGEN GAS DETECTING MATERIAL
AND THE COATING METHOD

TECHNICAL FIELD

[0001] This invention relates to a hydrogen gas detecting
material using tungsten oxide, and the coating method.

BACKGROUND ART

[0002] Inrecentyears, global warming due to the emission
of greenhouse gases (CO,, etc.) associated with mass con-
sumption of fossil fuels has posed a problem. In response, the
realization of an energy supply system relying minimally on
fossil fuels has been necessitated. A system for electric power
supply by a hydrogen fuel cell, in particular, is an electric
power supply system which does not discharge CO, as an
environmental load. Technologies for its coating are under
study in many fields as an infrastructure for realizing hydro-
gen society aimed at sustained development. However,
hydrogen as a fuel is a combustible gas involving explosion,
and its handling requires a careful safety monitor. For this
purpose, the development of an inexpensive detecting
method, which safely detects leaking trace hydrogen,
becomes one of the most important challenges in realizing
hydrogen society. The trace of leaking hydrogen has hitherto
been monitored using a hydrogen detector, or by confirming
the amount of hydrogen consumption. However, prompt pin-
pointing of the location of leakage is difficult. Much labors
and time are usually spent on the pinpointing. The general
hydrogen gas detector measures a change in electrical resis-
tance on the surface of a semiconductor due to the adsorption
of hydrogen. Since an explosion is caused by ignition of
hydrogen at the power circuit in general hydrogen gas detec-
tor, it has been problematic in terms of safety. Under these
circumstances, proposals have been made for hydrogen leak-
age detecting methods (have been proposed) in which hydro-
gen leakage detecting paints containing fine particles (par-
ticle size: 1 pm or less) comprising palladium oxide or
tungsten oxide, or hydrogen gas detecting materials coated
with such paints are applied or stuck to a location suspected of
hydrogen leakage (Patent Documents 1 to 3). Judgment of
hydrogen leakage by the paint is based on the visual confir-
mation of the site of discoloration of palladium oxide or
tungsten oxide by the adsorption of leaking hydrogen. Thus,
this method is a hydrogen leakage detecting method which
facilitates pinpointing of the location of leakage and has high
safety.

[0003] However, the paint is applied as a film by a chemical
manufacturing process using wide varieties of chemicals,
including a strongly acidic aqueous solution, a strongly basic
aqueous solution, and a harmful organic solvent. Thus, its
manufacturing cost is high, and it is also problematical in
terms of load on the surrounding environment and environ-
mental sanitation for an operator. In recent years, moreover,
there has been a concern about the effect on humans of inha-
lation of, or exposure to, fine particles with a particle size of
1 um or less. The production and handling of such paints are
not preferred for environmental sanitation for the operator.

[0004] Patent Document 1: JP-A-4-279681
[0005] Patent Document 2: JP-A-8-253742
[0006] Patent Document 3: JP-A-2005-345338
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DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0007] The detecting method, in which a hydrogen leakage
detecting paint, or a hydrogen gas detecting material coated
with such a paint is applied or stuck to a location suspected of
hydrogen leakage, is a hydrogen leakage detecting method
which facilitates pinpointing of the location of a hydrogen
leakage and has high safety. However, the hydrogen leakage
detecting paint entails a high manufacturing cost, imposes a
high environmental load, and is problematical in terms of
environmental sanitation.

Means for Solving the Problems

[0008] The present invention, as a solution to the above-
mentioned problems, provides a hydrogen gas detecting
material comprising a thin film of tungsten oxide, and the
coating method. The above hydrogen gas detecting material is
characterized in that (1) its principal component is tungsten
oxide and its shape is a thin film, and that (2) it has a stacked
structure comprising palladium and tungsten oxide. The
hydrogen gas detecting material is coated on a substrate, with
the substrate temperature being room temperature (20° C.),
by a sputtering method at a controlled oxygen pressure.

ADVANTAGES OF THE INVENTION

[0009] According to the present invention, it becomes pos-
sible to coat a hydrogen gas detecting material, which
changes in light absorption characteristics upon hydrogen
adsorption, onto the surface of a substrate comprising an
organic compound, a resin, or a polymeric material such as
vinyl. As a result, it becomes possible to produce a hydrogen
gas detecting sheet or a hydrogen gas sensor which entails a
low manufacturing cost, imposes a low environmental load,
and is safe in terms of environmental sanitation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG.11isaschematic view ofa section of a hydrogen
gas detecting material.

[0011] FIG. 2 shows the X-ray diffraction pattern of a thin
film of tungsten oxide coated on a quartz glass substrate.
[0012] FIG. 3 shows a layout for measuring the light
absorption characteristics of the hydrogen gas detecting
material coated on the substrate in response to a hydrogen
gas.

[0013] FIG. 4 shows the light absorption characteristics, in
response to a hydrogen gas, of the hydrogen gas detecting
material formed from tungsten oxide deposited at an oxygen
pressure of 13 mPa, 15 mPa, 22 mPa (A), 42 mPa and 69 mPa.
[0014] FIG. 5 shows the light absorption characteristics, in
response to a 1% hydrogen gas, of the hydrogen gas detecting
material coated on various substrates.

[0015] FIG. 6 shows changes over time in the transmitted
light intensity of the hydrogen gas detecting material coated
on 100 um thick polyethylene terephthalate (PET) when an
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operation for exposure to a hydrogen gas and stoppage of the
exposure was performed repeatedly.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0016] A method of coating a hydrogen gas detecting mate-
rial using a thin film of tungsten oxide according to the
present invention will now be described in more detail below.
[0017] The hydrogen gas detecting material of the present
invention is characterized in that it is composed of a thin film
of tungsten oxide, and palladium deposited on the surface of
the thin film of tungsten oxide, and that the palladium adsorbs
a molecular hydrogen gas to dissociate it into hydrogen
atoms. An embodiment of the hydrogen gas detecting mate-
rial of the present invention is shown in FIG. 1. Tungsten
oxide is preferably in a thin film with a thickness o300 nm to
1 um. The thickness of less than 300 nm is inconvenient,
because it is difficult to recognize a change in the transmitted
light intensity. The thickness of more than 1 um is inconve-
nient, because an exfoliation of tungsten oxide is apt to occur.
The thickness ofthe deposited palladium is preferably 2 nm to
20 nm. If the thickness of palladium is larger than 20 nm, the
quantity of incident light shielded by palladium increases,
thus making a change in the transmitted light intensity diffi-
cult to recognize. This is inconvenient. If the thickness of
palladium, as a catalytic metal, is 2 nm to 20 nm, a change in
the transmitted light intensity is obtained which can be easily
recognize, namely judged visually of hydrogen leakage is
possible, thus making it possible to detect a hydrogen gas. A
transparent substrate is preferably transparent or translucent
to visible light of 400 nm or more. Examples of the substrate
are, although not limited to, substrates composed of polymers
such as polycarbonate, polyethylene, polyethylene terephtha-
late (PET), polypropylene, and polyvinylidene chloride. As
the transparent substrate, an amorphous quartz glass sub-
strate, for example, can be used.

[0018] Next, a description will be offered for preferred
embodiments of the coating method for the hydrogen gas
detecting material of the present invention. The coating
method for the hydrogen gas detecting material of the present
invention includes sputtering a sputtering target comprising
tungsten to form a thin film of tungsten oxide on the surface
of'the substrate, and then depositing palladium on the surface
of the thin film of tungsten oxide, and is characterized by
controlling an oxygen pressure during formation of the tung-
sten oxide film to control light absorption characteristics
attributed to adsorption of hydrogen. The purity of tungsten as
the sputtering target is not limited, but is preferably high. The
sputtering is preferably performed in a mixed atmosphere
comprising argon and oxygen. The substrate temperature for
execution of sputtering is preferably room temperature (20°
C.). Detection of hydrogen leakage is determined by a visual
change in color. Thus, it is preferred, as the light absorption
characteristics demanded of the hydrogen gas detecting mate-
rial, that a change in the transmittance due to adsorption of
hydrogen be 50% or more. To achieve the above light absorp-
tion characteristics, if sputtering is performed in a mixed
atmosphere comprising argon and oxygen, with the sputter-
ing power charged being 50 W and the distance between the
substrate and the target being 10 cm, for example, it is rec-
ommendable that the oxygen gas pressure be 14 to 80 mPa,
and the argon gas pressure be 130 to 170 mPa. Preferably, the
oxygen gas pressure is 15 to 40 mPa, and the argon gas
pressureis 140 to 160 mPa. In order to achieve a transmittance
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change of 50% or more due to hydrogen adsorption if sput-
tering is performed in an argon-oxygen mixed atmosphere, it
is recommendable to control the proportion of the oxygen gas
to about 10% to about 30% of the total gas pressure (the sum
of the oxygen gas pressure and the argon gas pressure),
although this proportion, strictly, depends on other sputtering
conditions as well. Thus, when the total gas pressure is set at
100 mPa if the sputtering power charged is 50 W and the
distance between the substrate and the target is 10 cm, it is
advisable that the partial pressure of the oxygen gas be con-
trolled to 10 to 30 mPa. The gas pressures of the atmosphere
and the other sputtering conditions can be set, as appropriate,
by a person of ordinary skill in the art based on the disclosures
made herein.

[0019] Deposition of palladium can be performed by radio
frequency sputtering, direct current sputtering, molecular
beam epitaxy, or vacuum evaporation. Any of these methods
may be employed, as long as it can deposit palladium at the
heat resistant temperature or lower of the substrate. If palla-
dium is deposited by the radio frequency sputtering method,
for example, this method is preferably performed under such
deposition conditions that the sputtering power is 25 W to 50
W, the substrate is at room temperature, and the atmosphere
has an argon gas pressure of 130 to 170 mPa. Other methods
and conditions for deposition of palladium can be set, as
appropriate, by a person of ordinary skill in the art based on
the disclosures made herein.

EXAMPLES
Example 1

[0020] In Example 1, a thin film of tungsten oxide was
coated on the surface of a quartz glass substrate 20 mm long,
20 mm wide and 0.5 mm thick, in order to evaluate the crystal
structure of the coated tungsten oxide and optimize its hydro-
gen detecting characteristics. The tungsten oxide film was
coated by using tungsten as a target and sputtering the metal-
lic tungsten target for 30 minutes at a power of 50 W while
setting the distance between the substrate and the target at 10
cm, setting the substrate temperature at room temperature,
and controlling the atmosphere to have an argon gas partial
pressure of 148 mPa and an oxygen partial pressure of 22
mPa. The film thickness of tungsten oxide was of the order of
0.3 pm.

[0021] The results of evaluation of the crystallinity of the
coated film by X-ray diffraction are shown in FIG.2. A CuKa
radiation was used as a radiation source. A diffraction peak
with a large width was observed around a diffraction angle of
23 degrees, but no other peaks were seen. Comparisons with
the diffraction peaks of a quartz glass substrate and commer-
cially available tungsten oxide (WO;) having a purity of
99.9% showed that the wide peak around the diffraction angle
of 23 degrees originated from the amorphism of the quartz
glass substrate. Thus, the resulting thin film of tungsten oxide
was considered to be amorphous.

[0022] Then, palladium was deposited in a thickness of 15
nm on the thin tungsten oxide film by use of radio frequency
sputtering to form a hydrogen gas detecting material. Sput-
tering of palladium was performed for 40 seconds with the
use of metallic palladium as a target under the following
conditions: electric power 50 W, and argon gas pressure 148
mPa.

[0023] The light absorption characteristics of the hydrogen
gas detecting material in response to hydrogen were evalu-
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ated by measuring the transmitted light intensities before and
after exposure to hydrogen with the use of a measuring equip-
ment, as shown in FIG. 3, and determining their change. The
method of evaluation comprised irradiating a sample in a cell,
whose atmosphere can be controlled, with red light with a
wavelength of 645 nm at which the transmitted light intensity
changes most remarkably, and making measurements in the
following manner using a spectrometric measuring instru-
ment:

(1) The transmitted light intensity I, of the sample before
hydrogen adsorption was measured.

(2) The interior of the sample cell was gas purged for 20
minutes with hydrogen at a concentration of 1% diluted with
an argon gas which was fed at a flow rate of 70 ml/min.

(3) The transmitted light intensity I of the sample after hydro-
gen adsorption was measured.

(4) Based on I and I, relative transmittance (I/1,), i.e., a
change in the transmittance of light occurring upon hydrogen
adsorption compared with the level before hydrogen adsorp-
tion, was determined.

[0024] Symbol A in FIG. 4 shows the results of the mea-
surement of the relative transmittance of the hydrogen gas
detecting material. The relative transmittance of the hydrogen
gas detecting material was 14%, meaning that the change in
the transmittance was 86%. This finding shows that the
hydrogen gas detecting material has the performance ofbeing
able to detect hydrogen sufficiently.

Comparative Examples 1 and 2 and Examples 2 and
3

[0025] Inthepresentinvention, it is important to control the
oxygen partial pressure during coating with tungsten oxide.
As comparative examples for Example 1, and other examples,
thin films of tungsten oxide were coated by controlling the
oxygen partial pressure to various values (Comparative
Example 1: 13 mPa, Comparative Example 2: 15 mPa,
Example 2: 42 mPa, Example 3: 69 mPa), and equating the
film thickness of tungsten oxide and the other coating condi-
tions with those in Example 1. The results of the X-ray dif-
fraction measurements on these films were the same as those
on the thin tungsten oxide film of Example 1, demonstrating
that the thin films of tungsten oxide obtained by the coating
method of the present invention were amorphous. Palladium
was deposited on the surface of each thin tungsten oxide film
under the same conditions as in Example 1, and the light
absorption characteristics in response to hydrogen were
examined in the same manner as in Example 1. The relative
transmittances of the hydrogen gas detecting materials are
shown in FIG. 4 along with the results obtained in Example 1.
When the oxygen pressure was 14 mPa or lower, the relative
transmittance of the present hydrogen gas detecting material
was 87%. Namely, the change in the transmittance was 13%,
thus leading to difficulty in detecting hydrogen. When the
oxygen pressure was higher than 14 mPa, the hydrogen gas
detecting material was found to change in the transmittance
by 50% or more owing to the adsorption of hydrogen. The use
of the thin tungsten oxide film coated by controlling the
oxygen partial pressure to higher than 14 mPa, therefore, is
shown to permit hydrogen detection sufficiently.

Examples 4 to 8

[0026] Hydrogen gas detecting materials were produced
using each of a 1.2 mm thick polycarbonate plate, a 40 um
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thick polyethylene sheet, a 11 um thick polyvinylidene chlo-
ride (Saran Wrap, ASAHI CHEMICAL INDUSTRY CO.,
LTD.), a 100 um thick OHP sheet (a product of Fuji Xerox
Co., Ltd.), and a 100 um thick polyethylene terephthalate
(PET) sheet as a substrate, and adopting the same coating
conditions as in Example 1. The hydrogen gas detecting
materials were each examined for the light absorption char-
acteristics responsive to a hydrogen gas in the same manner as
in Example 1. FIG. 5 shows changes gradually in the relative
transmittance of the hydrogen gas detecting material when
exposed to hydrogen. The relative transmittances of the
hydrogen gas detecting materials coated on polycarbonate
(Example 4), polyethylene (Example 5), polyvinylidene
chloride (Example 6), OHP (Example 7), and PET (Example
8), after 60 seconds of exposure to hydrogen, were 20%, 20%,
11%, 9% and 4%, respectively. These results show that the
hydrogen gas detecting material using the substrate with poor
heat resistance to temperatures of 100° C. or higher has the
performance of being able to detect hydrogen sufficiently.
From the above results, it is seen that the coating method of
the present invention can coat a hydrogen gas detecting mate-
rial capable of detecting hydrogen, no matter what the kind of
the substrate is.

Example 9

[0027] Changes over time in the transmitted light intensity
were examined when an operation involving exposure to a
hydrogen gas and its stoppage was performed a plurality of
times under the same measuring conditions as in Example 1
for the hydrogen gas detecting material coated on the 100 um
PET sheet in Example 6. The results are shown in FIG. 6. The
hydrogen gas detecting material restored transmittance when
the hydrogen gas was stopped, namely, when the hydrogen
gas was no more existent in the surroundings. Thus, the light
absorption characteristics of the hydrogen gas detecting
material were found to be reversible in response to the hydro-
gen gas. When the operation involving exposure to the hydro-
gen gas and its stoppage was performed repeatedly, a
decrease in and the restoration of the transmittance appeared
recurrently. Thus, the hydrogen gas detecting material can
detect a hydrogen gas repeatedly.

INDUSTRIAL APPLICABILITY

[0028] As described in detail above, the present invention
relates to an optical hydrogen gas detecting material, and the
coating method. The hydrogen gas detecting material of the
present invention comprises a thin film of tungsten oxide
having palladium deposited as a catalytic metal on the surface
thereof. An inexpensive polymeric material can be used as a
substrate coated with this thin film. The coating method of the
present invention enables coating on many types of sub-
strates, and makes it possible to produce tapes, sheets or test
papers for detecting the leakage of a hydrogen gas, as well as
hydrogen gas detecting sensors. The resulting products can be
expected to find use in the monitoring of a hydrogen gas
produced in a hydrogen production plant, the monitoring of
leakage of a hydrogen gas in a fuel cell, a hydrogen storage
tank or piping for fuel cell vehicles, and the monitoring of a
hydrogen gas used or generated during a purification, com-
bination or synthesis process in metal, chemical, foodstuff or
pharmaceutical factories. The present invention is useful for
providing a coating method for a hydrogen gas detecting
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material which is indispensable to technologies for commer-
cialization of next-generation hydrogen energy, and which
ensures safety.

1. A hydrogen gas detecting material consisting essentially
of tungsten oxide which is shaped as a thin film.

2. The hydrogen gas detecting material according to claim
1, wherein the thin film of the tungsten oxide is 1 pm or less
in thickness.

3. The hydrogen gas detecting material according to claim
1, having a stacked structure comprising palladium and the
tungsten oxide.

4. The hydrogen gas detecting material according to claim
1, comprising the tungsten oxide coated on a surface of a
substrate by a sputtering method.
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5. The hydrogen gas detecting material according to claim
1, wherein the tungsten oxide has been coated, with a pressure
of oxygen being controlled.

6. The hydrogen gas detecting material according to claim
1, wherein the tungsten oxide has been coated, with a tem-
perature of a substrate being set at room temperature.

7. The hydrogen gas detecting material according to claim
1, which changes in absorption characteristics for light in a
visible light region upon hydrogen adsorption.

8. A coating method for the hydrogen gas detecting mate-
rial according to claim 1, comprising using a sputtering
method at a controlled oxygen pressure.

9. A coating method for the hydrogen gas detecting mate-
rial according to claim 1, comprising setting a temperature of
a substrate at room temperature when the tungsten oxide is
coated.
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