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The influence of ZnO on the differential heat of adsorption of CO
on Cu catalysts: a microcalorimetric study
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Abstract

The differential heat of adsorption of carbon monoxide on
measured by means of a Tian–Calvet calorimeter to probe
catalysts (Cu/ZnO and Cu/Al2O3) were prepared by coprecipitati
programmed reduction (TPR), N2O-reactive frontal chromatograp
of the adsorption isotherms, the initial heat of adsorption, and
for the catalysts with and without ZnO. The initial heat of ads
synthesis: Cu/ZnO/Al2O3 had the lowest initial heat of adsorptio
Cu/ZnO showed a somewhat higher heat of adsorption of 71
adsorption of 81 kJ mol−1 and the lowest activity. The decrease
nalized by strong metal–support interactions (SMSI); i.e., ZnOx sp
coadsorbate under reducing conditions.
 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Copper catalysts are widely used for methanol synthe-
sis and the water gas shift reaction. The industrially applied
catalyst is a ternary system containing copper, zinc oxide,
and alumina (Cu/ZnO/Al2O3) [1,2]. Several hypotheses con-
cerning the nature of the active site are found in the lit-
erature. Klier [3] proposed Cu species to be incorporated
in interstitial and substitutional sites in ZnO. Chinchen et
al. [4] identified metallic Cu as the active component and
ZnO as an inert support which stabilizes a high Cu surface
area. Other researchers assumed that the active sites are l
cated at the Cu/ZnO interface [5]. Nakamura and co-workers
[6–8] reported that ZnOx species migrated under reducing
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efully reduced copper catalysts employed in methanol synth
influence of ZnO. A ternary catalyst (Cu/ZnO/Al2O3) and two binary
d characterized by N2 physisorption (BET surface area), temperatu

NO RFC), and methanol synthesis activity measurements. The s
overage dependence of the heat of adsorption were found to b
on turned out to be inversely correlated with the activity for m
68 kJ mol−1 and was the most active catalyst for methanol synthe
oland a lower activity, and Cu/Al2O3 had the highest initial heat o
he heat of adsorption of CO induced by the presence of ZnO
are assumed to cover the Cu metal surfaces presumably as Z+ O

e; Copper; Zinc oxide; Strong metal–support interactions (SMSI)
o-

conditions onto the Cu surfaces forming Cu–Zn alloys and
stabilizing Cu(I) species. Günter et al. [9] observed a struc-
tural interaction of Cu and ZnO resulting in highly active
strained Cu particles.

Carbon monoxide is used extensively as a probe mole-
cule to differentiate between Cu sites. Infrared spectroscopy
has been applied extensively to investigate the nonactivated
adsorption of CO on Cu catalysts and also on Cu single crys-
tal surfaces [10,11]. Roberts and Griffin [12] determined the
heat of adsorption of CO on copper catalysts quantitatively
by processing TPD data. They reported two desorption states
with energies of 37–40 and 50–67 kJ mol−1 for several Cu-
containing catalysts. Dulaurent et al. [13] derived isosteric
heats of adsorption of CO on Cu/Al2O3 from FTIR spec-
troscopy experiments in the temperature range from 298
to 740 K. They report isosteric heats of 82 kJ mol−1 for
ΘCO → 0 and 57 kJ mol−1 for the equilibrium coverage dos-
ing 1% CO in He [13]. Topsøe and Topsøe [14] observed
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