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We fabricated three different Pt/alumina catalysts for micro-thermoelectric hydrogen sensor
(micro-THS). In the three Pt/alumina catalysts, two were prepared by impregnation of a
commercial alumina with an aqueous solution of platinum (IV) chloride pentahydrate, and the
third was prepared by impregnation of commercial alumina and nano-Pt with isobornyl acetate
solution. To fabricate the micro-THS, the three Pt/alumina catalysts were integrated on thin
membrane of the micro-THS, and its hydrogen sensing properties were investigated. The
micro-THS with nano-Pt loaded alumina catalyst showed better sensing performance than
those with Pt/alumina catalysts prepared by an aqueous solution of platinum (IV) chloride
pentahydrate, because of effectively dispersed nano-Pt metal grain on the surface alumina
grain observed by TEM. Its voltage signal was 15.7 mV for hydrogen concentration of 1% in dry
air at catalyst temperature of 100◦C. C© 2006 Springer Science + Business Media, Inc.

1. Introduction
Hydrogen sensors have been fabricated by many re-
searchers based on various operating principles [1–6].
Among them, the thermoelectric hydrogen sensor (THS)
is one of the promising candidates for hydrogen leak
alarm system because of its simple structure, reliable
working principle, and sensing performance for wide-
range of hydrogen concentrations. The THS using a
thermoelectric effect was first demonstrated by McAleer
et al. [5], and its working principle is as follows. When
hydrogen gas was introduced into a catalyst, heat energy
was generated on the catalyst surface due to the oxidation
of hydrogen gas. This heat energy was converted to
voltage signal through a thermoelectric layer. On the
other hand, sensing performance of the THS can be
largely improved by modifying device configurations and
by changing the different thermoelectric materials. We
have reported sensing properties of both bulk-THS and
micro-THS [7–13]. Catalyst and thermoelectric layer in
these THS are very important to make a sensor of high
performance. The micro-THS was fabricated by several
processes including the deposition of thermoelectric
layer, the etching of substrate, the lift-off of micro-heaters,
electrode lines, and the integration of the catalyst. By the
micro-heater in the membrane, its power consumption
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with single membrane was greatly reduced compared to
bulk-THS. Moreover, the structure of catalyst including
the particle size, film thickness, and surface morphology
are closely related to its sensing performance. Especially,
the thick-film ceramic catalyst is expected to have the
advantages of high sensitivity and long-term stability.

In the present work, the SiGe thin film thermoelectric
pattern and the Pt-loaded on alumina (Pt/alumina) were
used as a thermoelectric layer and a catalyst, respectively
for the micro-THS. The paste of the Pt/alumina catalyst
was deposited on the thin dielectric membrane of the
micro-THS using a dispenser technique. This technique
has the advantages of no mask patterning, precise
positioning, and non-contacting. The purpose of this
work is to investigate effects of catalyst preparation
methods on hydrogen sensing performance, and the
crystalline phases and micro-structures of the Pt/alumina
catalysts were investigated in detail.

2. Experimental
We have prepared the Pt-loaded on alumina (Pt/alumina)
catalysts by three different procedures. Flow chart of cata-
lyst preparation is shown in Fig. 1. The Pt/alumina catalyst
of the first method (Type I) was prepared by impregnation
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Figure 1 Preparation procedures of three different Pt/alumina catalysts by
impregnation method.

of a commercial alumina powder with an aqueous solution
of platinum (IV) chloride pentahydrate. The slurry was
stirred at 100◦C for 30 min, and then was dried at 120◦C
for 2 h in air. It was calcined at 300◦C for 2 h. Before
it was integrated on the micro-device, it was mixed with
an organic vehicle to make ceramic pastes. The organic
vehicle was a conventional dispersant which prepared a

blend of terpineol and ethyl cellulose. The Pt/alumina cat-
alyst of the second method (Type II) was prepared by the
same impregnation method to the Type I until the process
of preparation of the ceramic paste, as shown in Fig. 1.
The ceramic paste was fired at 300◦C again to get a pow-
der of the Pt-loaded alumina. This catalyst powder was
mixed again with organic vehicle. The Pt/alumina catalyst
of the third method (Type III) was prepared by impregna-
tion of the commercial alumina powder and nano-size Pt
particles dispersed with isobornyl. Next procedures were
carried out as the same way as Type I, as shown in Fig. 1.
The Pt content in all three Pt/alumina catalysts was 10
wt% and the alumina powder was alpha-Al2O3 of 100 nm
size.

Sub-millimeter size drop of the ceramic paste was
deposited on the thin membrane of the micro-THS de-
vice using the dispenser technique with a CAD-Robot
system (short mini-Musashi). After this integration of
the ceramic paste on the thin membrane of the micro-
THS, it was heated to remove the organic vehicle in air
at 300◦C.

Fig. 2 shows a photograph of the micro-THS (Type III,
5 × 5 × 0.35 mm3) with single membrane. The diameter
and the thickness of a circular catalyst deposited on the
membrane were 0.8 mm and average 13.4 µm, respec-
tively. The backside silicon substrate of the membrane
(1.1 × 2.4 mm2) was etched away using KOH solutions.
The membrane was heated up using the Pt-line heaters.
The heater electrodes are ©1 and ©3 in Fig. 2. For the
microfabrication of micro-THS, the process details of the
thermoelectric layer, the etching of backside silicon sub-
strate by KOH solutions, the heaters, and the electrodes
were reported previously [12].

Figure 2 Photograph of micro-THS with Pt/alumina catalyst (Type III), which was integrated by a dispenser method. Heater electrodes are ©1 and ©3 .

Thermo-voltage electrodes are ©2 and ©4 .
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Figure 3 XRD patterns of three Pt/alumina catalysts. The peak patterns of alumina (©), Pt metal (•), and PtCl2 (�) are indicated. (a) Before catalysts of
Type I, Type II and Type III were deposited on the micro-THS, (b) After catalysts of Type IA, Type IIA and Type IIIA were fired with a vehicle.

A gas flow system with a test chamber was used to
investigate hydrogen sensing properties. When hydrogen
gas was introduced into the test chamber, the heat was
generated on the catalyst surface due to the oxidation of
hydrogen gas. That is, a temperature difference was gener-
ated between the catalyst (hot-side, point A in Fig. 2) and
the SiGe layer (cold-side, point B in Fig. 2) in membrane
and it was converted to voltage signal by the thermoelec-
tric layer. By the Seebeck effect, voltage signal is linearly
proportional to temperature gradient between the hot side
and the cold side. The thermo-voltage electrodes are ©2
and ©4 in Fig. 2 An IR camera was used to monitor the
surface temperature of catalyst and SiGe layer through
a sapphire top window of the test chamber. The hydro-
gen sensing performance of micro-THS was evaluated by
measuring the voltage change or the temperature differ-
ence between catalyst and SiGe layer. The test procedure
is as follows: a dry air was flowing into the test chamber
(inner volume: 44 × 48 × 13 mm3) for 60 s. After that, the
flow was switched from dry air to hydrogen/air mixture
for 240 s. The Hydrogen/air mixture was changed again
to the dry air. The flow rate was 100 cc/min. The gas flow
and data acquisitions were automatically controlled by a
computer.

The crystalline phase and micro-structure of the cata-
lysts were investigated by X-ray diffraction (XRD) and
Transmission Electron Microscopy (TEM, JEOL, JEM-
2010), respectively.

3. Results and discussion
The XRD patterns of three powder catalysts are shown
in Fig. 3a, and the XRD patterns of deposited and
fired catalysts are shown in Fig. 3b. Before the catalyst
of Type I was mixed with the organic vehicle (Type
IA), its crystalline phase was PtCl2/alumina. When the
PtCl2/alumina was fired with the organic vehicle, it trans-
formed into Pt/alumina (Type I in Fig.3b). The color of the

PtCl2/alumina and the Pt/alumina were brown and black,
respectively. It means that chlorides in the PtCl2/alumina
were deleted by the firing treatment, and PtCl2/alumina
was changed into Pt/alumina. The organic vehicle seems
to work as a reducing agent during the firing process.
Therefore, Type I and Type II on the micro-THS devices
were integrated as crystalline phases of PtCl2/alumina and
Pt/alumina, respectively before the final firing. When the
Pt/alumina catalysts such as Type IIA and Type IIIA were
used as a starting material, intensities of the Pt XRD peaks
were increased by the firing with the organic vehicle. In
the Pt/alumina catalysts, Pt grain size was calculated from
the XRD peak broadening analysis using Williamson-Hall
equation [14]. The grain size of Pt metals in the catalysts
of Type I, Type II and Type III were estimated to be 11.6,
17.1 and 10.7 nm. Marecot et al reported that chlorides
remaining on the catalyst surface could block active sites
for alkane oxidation on Pt [15], and concluded that the
removal of the chlorine from the catalyst surface by wa-
ter produced during the total combustion of hydrocarbons
would be responsible for the increase in activity after suc-
cessive oxidation cycles. In this work, we could not ob-
serve the chlorine element in the three catalysts of Type I,
Type II and Type III from EDX analysis as well as XRD
measurements.

Fig. 4 shows the TEM images of Type I, Type II, and
Type III. The dark features in TEM images are Pt grains.
The Pt grains were attached on the alumina surface. There
was no difference in the size of Pt metal grains of the
catalyst of Type I, Type II and type III, which was ca. 10
nm. However, the dispersion of Pt particles was different.
Large agglomerations of Pt grains with the size of ca.
100 nm were also observed in Type I and Type II, but
agglomerations of Pt grains with the size of ca. 30 nm
were observed in Type III. That is, Type III was prepared
with effectively dispersed Pt grains, compared to Type I
or Type II. Difference in the Pt grain size between XRD
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Figure 4 TEM images of Pt/alumina catalysts (× 100,000), (a) Type I, (b) Type II, (c) Type III.
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Figure 5 Typical hydrogen response of micro-THS with catalyst of Type
III for hydrogen/air mixture of 1%. Gas flow rate: 100 ccm. Catalyst tem-
perature: 100◦C.

measurements and TEM observations might be related to
the Pt agglomerations observed in the TEM image.

After the three catalysts were deposited on the micro-
THS devices, the hydrogen sensing properties of the
micro-THS devices were investigated. Fig. 5 shows the
typical hydrogen responses (�VS and �TA−B) of the
micro-THS with the catalyst of Type III for 1% hydro-
gen in dry air at the catalyst temperature of 100◦C. The
�VS is the difference of voltage signal of the device be-
fore and after introduction of hydrogen/air mixture. The
�TA−B is equal to �TA−�TB, where �TA and �TB mean
the temperature changes on the catalyst surface and SiGe
layer before and after introduction of hydrogen/air mix-

ture. When the micro-THS was exposed to hydrogen/air
mixture gas, the �VS and �TA−B increased due to the
heat of hydrogen oxidation on the catalyst. At the catalyst
temperature of 100◦C, the saturated Vs for the micro-
THS devices with the catalysts of Type I, Type II, and
Type III were 7.3, 10.9 and 15.7 mV, respectively. The
saturated �TA−B for micro-THS devices with the cata-
lysts of Type I, Type II, and Type III were 28.1, 33.5
and 47.3◦C, respectively. From these results, it was con-
firmed that voltage signal was proportional to the temper-
ature gradient between the catalyst (hot side) and the SiGe
layer (cold side), due to the thermoelectric effect. In the
case of the micro-THS with Type III, from the values of
�TA−B and Vs for 1% hydrogen/air mixture gas at cata-
lyst temperature of 100◦C, the Vs/�TA−B = 0.332 mV/K.
The summary of the Vs/�TA−B for three micro-THS de-
vices is shown in Table I The Vs/�TA−B of Type II and
Type III was almost same, while the Vs/�TA−B of Type I
was low compared to that of the micro-THS devices with
Type II or Type III. Difference of the �Vs/�TA−B be-
tween micro-THS with Type I and micro-THS with Type
II or Type III might be related to the catalyst thickness on
the membrane as shown in Table I. The thickness of the
catalyst increases with increasing the viscosity of catalyst.
When the thickness of the catalyst is thick, it is reasonably
considered that the temperature of catalyst surface is low
compared to that of catalyst bottom, resulting in the low
Vs/�TA−B. However, these calculated Vs/�TA−B values
are 2.3 (Type I) or 2.9 (Type II or Type III) times highe
than that of the measured value (0.115 mV/K) [16], while
that of the micro-THS with Pt thin film is in good agree-
ment with the measured value as shown in Table I. It was

T AB L E I Summary of the results for micro-THS devices with three Pt/alumina thick ceramic catalysts and micro-THS with Pt thin film catalyst.

Type I Type II Type III
Pt Thin film
[Ref.16]

Voltage signal �Vs(mV) 7.3 10.9 15.7 0.358
Temperature diff. �TA−B(K) 28.1 33.5 47.3 3.41
�Vs/�TA−B(mV/K) 0.260 0.325 0.332 0.105
Average Catalyst thickness (µm) 16.4 14.0 13.4 0.3
Catalyst diameter (mm) 0.8 0.8 0.8 15×15 (mm2)
Viscosity of catalyst paste (cps) 3,000 2,000 1,700 –
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Figure 6 The changes of the voltage signals as a function of catalyst
temperatures. Hydrogen concentraton: 1%, Gas flow rate: 100 ccm.

suggested that the temperature of catalyst surface is dif-
ferent with that of catalyst bottom, which was contacted
to the thermoelectric layer. From the measured Vs/�TA−B

and Vs values, the temperature of the catalyst bottom for
the three micro-THS devices was estimated to be 63.5,
94.8, and 136.5◦C. The expected temperature of catalyst
bottom is directly related to the sensing performance. Be-
cause the grain size of Pt metal in the three catalysts were
almost same, the way of dispenser of the Pt/alumina cata-
lysts would induce this large difference. With effectively
dispersed nano-Pt/alumina catalyst, the micro-THS with
Type III shows higher sensing performance than those
of micro-THS devices with the catalysts of Type I or
Type II.

Fig. 6 shows the changes of voltage signal as a function
of the catalyst temperatures in micro-THS with the three
catalysts. The voltage signal (�Vs) increased with the
catalyst temperature. When the catalyst temperature was
over 40◦C, the �Vs of micro-THS with Type III was the
highest value among the micro-THS devices with three
catalysts. The Vs of all the micro-THS devices became
low abruptly and were was almost same when the catalyst
temperature was 30◦C for 1% hydrogen. This low perfor-
mance at 30◦C cannot be explained by difference of the
dispersion of Pt metals on the alumina grain. It should be
further investigated to clarify the reasons.

Fig. 7 shows the changes of voltage signals as a func-
tion of the hydrogen concentrations in air when the
catalyst temperature is 100◦C. For the micro-THS with
three catalysts, voltage signal increased linearly with the
hydrogen concentration. A linear relation between volt-
age signals and hydrogen concentrations was observed in
the hydrogen concentration range of 50 ppm -3%. From
these results of Figs. 6 and 7, the �Vs of the micro-THS
with the catalysts of Type III was higher than those of the
devices with the catalysts of Type I or Type II. The high
performance of the micro-THS with Type III is closely
related to the high dispersion of Pt metals on the alumina
based on the TEM observations, as discussed above. For
this result, we can conclude that the hydrogen sensing

Figure 7 The changes of the voltage signals as a function of hydrogen
concentration. Catalyst temperature: 100◦C. Gas flow rate: 100 ccm.

performance can be improved by the preparation methods
of the catalysts.

4. Conclusions
Integration of the various Pt/alumina catalysts on thin
single membrane of micro-thermoelectric hydrogen sen-
sor (micro-THS) was successfully carried out by the dis-
penser technique. Among the three different Pt/alumina
catalysts of the fixed Pt content in the Pt/alumina of 10
wt%, two were prepared by impregnation of a commercial
alumina with an aqueous solution of platinum (IV) chlo-
ride pentahydrate, and the third was prepared by mixing of
commercial alumina and nano-Pt with isobornyl acetate
solution. Hydrogen sensing property is very dependent
upon the preparation methods of the catalysts, which can
influence the Pt dispersion on the alumina. The voltage
signal of the micro-THS with Nano-Pt loaded alumina was
the highest among the micro-THS devices with three cat-
alysts due to the effectively dispersion of Pt metal on the
alumina. The voltage signal of micro-THS with nano-Pt
loaded alumina was 15.7 mV for the hydrogen concentra-
tion in air gas of 1 % at the catalyst temperature of 100◦C.
The hydrogen sensing performance of micro-THS with
three type catalysts were as follows: Nano-Pt loaded on
alumina (Type III) > Pt/alumina (Type II, starting mate-
rial: Pt/alumina) > Pt/alumina (Type I, starting material:
PtCl2/alumina).
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