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CO adsorption on the ternary methanol synthesis Cu/ZnO/Al2O3 catalyst was studied in detail by

means of adsorption microcalorimetry and flow temperature-programmed desorption (TPD).

Based on these experimental data, we established a microkinetic analysis method, which provides

information about the adsorption kinetics of CO on the catalyst surface. Experimentally derived

microcalorimetric heats of adsorption were applied in a microkinetic model to simulate TPD

curves with varying initial coverage. Two approaches were used: an integral approach based on

evaluation of the integral heats of adsorption which predicts the experimental TPD curves

roughly and provides first approximations for the preexponential factors. The second, more

detailed approach was based on the simulation of the adsorption isotherm taking the

experimentally determined coverage-dependence of the heat of adsorption into account. This

approach led to a significantly improved agreement between experimental and simulated TPD

curves. Moreover, it was possible to derive the standard entropy of adsorption. The general

applicability of our approaches is demonstrated by analyzing the CO TPD and microcalorimetry

data obtained with a binary ZnO-free Cu/Al2O3 catalyst.

1. Introduction

The microkinetics of heterogeneously catalyzed reactions

plays an important role for the optimal reaction and operation

conditions of industrial processes. An overall insight in micro-

kinetic processes on catalyst surfaces, however, is sometimes

only accessible by a combination of results obtained by several

spectroscopic and kinetic methods. Studies on single crystal

surfaces of the active metal help to get a deeper insight into

reactivity and electronic properties. Information about possi-

ble pathways of the catalytic reaction can be obtained in

kinetic studies, but selecting the most likely mechanism re-

quires spectroscopic evidence of stable or reactive intermedi-

ates on the surface. Characterization techniques require a wide

variety of experimental conditions, which are usually all

different from the actual reaction conditions in industrial

catalysis. Consequently, problems arise when the results are

combined to create an overall picture of the reaction con-

cerned.1 Further, it is still a challenge to bridge the pressure

and materials gaps between single crystal surfaces and poly-

crystalline catalyst systems applied in industry. Here, micro-

kinetic modeling is a useful linking method. Models are

created that contain temperatures and partial pressures as

variables. Moreover, all further parameters which influence

kinetics are regarded in the model, e.g. the molar flow rates or

the number of active sites, so that the models are valid over a

wide range of different reaction conditions.

Subject of the present study is the adsorption of CO on a Cu

/ZnO/Al2O3 and a Cu/Al2O3 catalyst. This adsorption process

is necessarily the first step in methanol synthesis from CO and

H2 and in the water–gas shift reaction. As these two reactions

are of great industrial relevance, CO adsorption on copper was

thoroughly studied in the past.2–56 At intermediate tempera-

tures the adsorption is suggested to take place on metallic Cu

surface sites of the mixed catalysts only.2–4 The adsorption is

non-dissociative5,6 and non-activated.7–9 In single crystal stu-

dies a structure dependence of the adsorption enthalpy of CO

on different copper surfaces has been observed using thermal

desorption spectroscopy.10 Defects and kink-sites are sup-

posed to be energetically more favorable for CO adsorption

than steps and terraces. CO occupies on-top sites on Cu as far

as they are available, but it can also be adsorbed in bridge

position between two copper atoms.2,6,11,12 Concerning ad-

sorption geometry, CO was found to be adsorbed perpendi-

cular to the surface on different Cu crystal planes6,12,13 and it is

supposed to adsorb in an angle of about 171 to the surface

normal on Cu/ZnO(000�1).14 The carbon atom of the linearly

adsorbed CO molecule is orientated towards the surface.15 A

species parallel to the surface was also found on stepped Cu

surfaces.6,12

Less has been published about the adsorption and its

kinetics on real catalyst systems.2,16,17,28–30,45–56 The coverage

dependence of the adsorption enthalpy of CO on copper-

containing catalysts was subject of an earlier study.16 In the

present study we combined the results obtained by microca-

lorimetry and flow temperature-programmed desorption con-

cerning CO adsorption on the ternary Cu/ZnO/Al2O3 catalyst.

The heat of adsorption and the adsorption isotherm were
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