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Temperature Programed reduction measurement for
metal oxide materials

Introduction

Temperature Programmed Reduction (TPR) measurement is one of the most important methods
for characterization of transition metal catalysts and metal supported catalyst. By measuring the
reduction temperature of supported metal oxides, it is possible to determine the reduction
temperature in the pretreatment condition of metal catalysts and the upper limit of the use
temperature of metal oxide catalysts in a reducing atmosphere.

The three-way catalyst, which simultaneously oxidizes and reduces CO, HC, and NOx, is widely used
as an automobile catalyst and is being actively researched for higher efficiency in order to meet the
recent tightening of environmental standards. [The oxygen storage capacity (OSC) of ceria-zirconia,
which is used as an auxiliary catalyst in the three-way catalyst that simultaneously oxidizes and
reduces CO, HC, and NOx, is high, and it absorbs oxygen when there is too much oxygen in the
exhaust gas (lean atmosphere) and releases oxygen when there is not enough oxygen (rich
atmosphere). When measuring the OSC, two measurement items, oxygen absorption and oxygen
release, are measured. For oxygen release, TPR measurement of oxygen-absorbed samples can be
used to obtain the oxygen release temperature from the reduction temperature and the oxygen
release amount from the reduction volume.

In addition to these examples, TPR measurements have been used in a wide range of studies in the
field of catalysis.

This report details the TPR measurement using the catalyst analyzer [BELCAT].

1 Principle of measurement
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The sample temperature is increased at a constant rate in a carrier gas stream containing H2, and
the reduction characteristics of the sample are evaluated. Following reduction reaction going on in
the sample.

MxO + H2 » Mx + H20

The amount of H2 consumed in this reaction gives the amount of reduction, and the temperature
H2 is consumed gives the reduction temperature. As BELCAT uses a thermal conductivity detector
(TCD), in order to detect only the hydrogen consumption, the water produced must be removed.
BELCAT uses trap with molecular sieves to remove water.
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.2. measurement condition

TPR measurement is performed by increasing the temperature of a sample at a constant rate under
the carrier gas flow containing about 5% hydrogen. The following two points should be noted for the
measurement.

When using a TCD detector, H2 balansed with Ar should be used as a carrier gas. He balansed gas
cannot be used. Becouse the thermal conductivity between H2 and carrier gas has to be different
enough to detect by TCD.

The reaction that occurs in TPR measurement is the oxidation of hydrogen, in which hydrogen in
the carrier gas reacts with oxygen atoms in the sample to produce water. In order to measure only
hydrogen consumption, water must be removed by trap with a well-dewatered molecular sieve.

Basically, no pre-treatment is done.
Sample : 10 to 30 mg (If you measure metal suppored catalyst, more sample volume is necessary)

Measurement temperature: R.T.~max.1200°C (1~30°C/min)

Carrier gas : 5% H2/Ar recommended

Calibration gas : Ar

Note; The molecular sieve for the water trap is 13X in pellet form. Dehydrate at 200°C in He stream.

2.3. measurement example
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[\ As an example of a typical measurement, we
/ performed a TPR measurement using CuO. No
f K pretreatment is performed.

\ What is going on here is the following reduction
f \ reaction.

/ CuO + H2 » Cu + H20

Measurement consition
f Sample: 20 mg
/ Maximum temperature : 510 °C
/ Ramp rate: 10 °C/min
Carrier gas : 5% H2/Ar
/ Calibration gas : Ar

/ \\ Result

T

------ hydrogen consumption :12.89mmol/g

Peak temperature : 280°C

temperature / °C
Fig.1 Result of TPR measurement for
Cuo
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We compared the TPR for several metal oxides.

CuO + H2 » Cu + H20
NiO + H2 » Ni + H20
CoO +H2 » Co + H20
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Temperature / O
Fig.2 Results of TPR measurement measurement of various
metals oxides

Result and discussion

The principles and methods of temperature-programmed reduction (TPR) measurements were
introduced, and examples of measurements on common metal oxides were performed.

The hydrogen consumption (reduction) was quantified by calibration measurement, and the
hydrogen consumption (reduction) was almost the same as the theoretical value. From the peak
hydrogen consumption (reduction) temperature, the reaction temperature required for the
reduction of metal oxides to metals can be obtained.

However, the peak temperature and shape of the hydrogen consumption (reduction) peak will vary
to some extent depending on the sample weight, temperature ramp rate, carrier gas flow rate,
sample shape (bulk, supported material, etc.), and setting method. When comparing many kinds of
samples, it is necessary to standardize the measurement conditions.
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