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1 Introduction

Metal surface areas are usually determined by selective
chemisorptionofasuitableprobemolecule(e.g.CO,H2,O2).A
lot of experimental techniques for the determination of Cu
metal areas cited in the literature are based on the dissociative
chemisorption of nitrous oxide [1±7]. In this contribution, a
comparisonofdifferentmethodsusingN2Oasaprobemolecule
is presented. The experiments comprise isothermal N2O flow
experiments, transient decomposition experiments and the
pulse flow chemisorption of N2O in an He carrier stream. The
main object of these experiments was to clarify the influence of
the reaction parameters (temperature, contact time, sample
mass, etc.) on the specific Cu surface area determined. As a
further independent method for the determination of Cu
surface areas the temperature-programmed desorption of
hydrogen (H2 TPD) has been applied [8,9].

2 Experimental

2.1 Experimental Setup

The measurements have been conducted in an all-stainless
steel microreactor setup equipped with four gas lines: He
(99.9999 %), H2 (99.9999 %), a mixture of 1 % N2O in He
(99.9995 %) and a mixture of 2.1 % H2 in He (99.9995 %) for
the reduction of the calcined catalysts. The setup allows the
completion of temperature- and concentration-programmed
experiments fully automatically and can be operated at
pressures up to 60 bar [9]. The reactor consists of a glass-
lined U-tube with an inner diameter of 4 mm. The experiments
have been conducted with 200 mg of a 250±355 lm sieve
fraction fixed in the reactor by means of quartz wool. Gas
analysis was performed by a calibrated quadrupole mass
spectrometer (Balzers GAM 400). The Cn/ZnO/Al2O3

catalysts (TG01 and TG02, approx. 50 wt.-%) used in this
study have been prepared by the conventional coprecipitation
method. Prior to each experiment the catalyst has been
flushed at 493 K for 1 h in He in order to achieve an adsorbate-
free reduced catalyst surface1).

2.2 Isothermal N2O Flow Experiment, Reactive Frontal
Chromatography (N2O RFC)

For the isothermal N2O flow experiment conducted at
room temperature under atmospheric pressure, the samples
have been cooled down to room temperature in an He
stream. Then, the gas was changed from He to a mixture of
1 % N2O in He. The N2O reacts quantitatively with the Cu
surface atoms forming gas-phase N2. The surface reaction
levels off when a breakthrough of the N2O front is observed.
The experiment is assumed to be finished after the N2O front
has reached the required value of 1 %. The formed amount of
N2 has been determined by the product of the molar flow and
the peak area under the N2 front in the time interval between
the onset of appearance of N2 and the intersection of the N2

and the N2O concentration in the exit gas. The specific Cu
metal surface area has been calculated by using a value of
1.47´1019 atoms per m2 for the mean Cu surface atom densiue,
which is the arithmetic mean value of the low index faces of
Cu, namely, the Cu(111), Cu(110), and Cu(100) crystal
surfaces.

2.3 Temperature-Programmed N2O Flow Experiments

Temperature-programmed N2O flow experiments have
been conducted according to the following sequence: After
flushing in He at 493 K the samples were cooled down to
approx. 190 K in an He stream. By changing the gas from He
to 1 % N2O in He the isothermal flow experiment was started.
The sample was subsequently heated up to a final temperature
of 693 K at 6 K/min.

2.4 N2O Pulse Flow Experiments

Pulses of N2O from a sample loop with a defined volume
(V = 1.0 ml, p = 0.1 MPa) were injected in an He stream by
switching a six-way Valco valve. The stream was passed over
the adsorbate-free reduced catalyst at room temperature and
at atmospheric pressure until the complete breakthrough of
the N2O front was observed.

2.5 Temperature-Programmed Desorption of Hydrogen
(H2 TPD)

The adsorbate-free reduced catalyst sample was cooled
down to 240 K in an He stream. Complete saturation with
atomic adsorbed hydrogen was achieved by dosing 50 Nml/
min H2 at 1.5 MPa for 1 h [9]. Then, the sample was cooled
down in H2 to 78 K by means of liquid nitrogen. The gas was
changed from H2 to He in order to flush out the residual H2.
The temperature-programmed desorption experiment (Q =
100 Nml/min, p = 0.1 MPa) was started by ramping the
temperature up to 493 K at 6 K/min.
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1) List of symbols at the end of the paper.
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