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CATALYZED REACTIONS 
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SUMMARY 
The advantages of the heat flux DSC in measuring the reaction rates on 

catalysts are to be found in a time-saving and economical experimental proce- 
dure. The disadvantages result from the indirect reaction rate measurement 
and the calibration problems. Thus, for example, the calibration factor chan- 
ges if the reaction-induced thermal conductivity of the ambient gas is chan- 
ged, Furthermore, when studying "large" specimens in the DSC, the heat exchange 
between the specimen and gas must be considered. 

It is shown that the influence of the measuring system on the calibration 
factor can be calculated; the influence of the specimen can be determined with 
the aid of a suitable calibration experiment. The possibilities and limita- 
tions of the measuring procedure are demonstrated by the example of methana- 
tion and methanol synthesis. 

INTRODUCTION 

The application 

catalysts provides 

tory reactors. The 

of a heat flux DSC for reaction kinetic measurements on 

a number of advantages in comparison to conventional labora- 

specimen masses and gas fluxes required are small and "scan- 

ning operation" enables the experimental times to be kept very short. 

These advantages are contrasted with increased calibration efforts 

- if the gas atmosphere in the measuring cell is changed due to experimental 

conditions and 

- if "large" specimens are used. 

Fig. 1: Heat fluxes in the DSC cell influencing the signal 
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This is clearly shown in Fig. 1. The principal component of the DSC cell 

used by us is a constantan disk, shown here in cross section, equipped with 

a specimen and reference plateau. The measuring signal is the temperature 

difference AT between these two plateaus. The calibration process now involves 

linking the measuring signal AT to the heat flux 4 generated or consumed in 

the specimen. Fig. 1 shows qualitatively the heat fluxes of significance for 

the calibration by the example of an exothermal reaction. Starting from the 

specimen, heat flows towards the measuring plate (QL) and to the gas (a,). 

If the specimen is sufficiently small and contact to the measuring plate good 

then specimen cooling on the gas side is negligible. The heat flux ljL intro- 

duced into the measuring plate now flows towards the temperature-regulated 

cell casing. In this way heat is released to the ambient gas (a,). It can 

be easily seen that the latter value is influenced, for example, by the thermal 

conductivity of the cell atmosphere. 

We thus have two processes with an attenuating effect: for the same exother- 

ma1 event, the measuring signal AT is at a maximum if the heat fluxes iv and 

l& are negligibly small (small specimen, low thermal conductivity of the cell 

atmosphere). In the case of an increasing exchange of heat from the measuring 

plate and specimen with the gas, AT decreases with a constant reaction heat 

flux. 

CALIBRATION 

This can be illustrated by the temperature profile of the measuring plate. 

Fig. 2 is the result of a calculation of heat transport in the measuring plate 

under idealized conditions. The calculation is based on a two-dimensional 

stationary model with a homogeneous heat source or heat sink. 

Fig. 2: Temperature course in a section of the measuring plate (ref. 2) 
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For the region of the specimen plateau we get 
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The temperature profiles shown in Fig. 2 result for different ambient con- 

ditions in the cell for a heat flux QL of 28 mW introduced into the measuring 

plate on the specimen side. If no heat is exchanged with the gas then we ob- 

tain the envelope of the group of curves (C=O) shown in Fig. 2. In this case, 

AT takes on a maximum value. The value C = 0.73 results for the indium melt 

in an argon atmosphere and in a hydrogen environment with thermal conductivity 

10 times as great it follows C = 7.53. 

The calibration factor K can now be calculated via the value of C. If all 

the reaction heat flows off via the measuring plate (H = QL) then the cali- 

bration task is thus solved. It was demonstrated on the basis of melt experi- 

ments that in the case of "small" specimens with high thermal conductivity 

in gases of low thermal conductivity that this condition is approximately 

fulfilled (ref. 2). 

However, in the experiments carried out by us we were dealing with rela- 

tively large cylindrical catalyst pellets (diameter and height: 4 mm). Not 

all the reaction heat was transported off via the measuring plate; a consider- 

able fraction was transferred directly to the ambient gas, This fraction des- 

ignated QV in Fig. 1, is not of course present in the measuring signal. 

In order to take into consideration the effect of direct specimen cooling 
. 

we have defined the value F = QL/H which describes the fraction of reaction 

heat reaching the measuring plate. 

Several paths are conceivable for determining F: 

1) calibration with an inert specimen of known specific heat capacity in 

the reaction gas 

2) calibration with a catalyst specimen of known specific heat capacity in 

an inert gas of the same conductivity (Ar-He mixture) 
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3) computational determination of F assuming suitable heat transfer con- 

ditions at the specimen. 

In the present paper we decided on the first method, It became apparent 

that the value F was essentially influenced by the specimen geometry as well 

as by the conductivity of the reaction gas, In contrast to K, F is only slight- 

ly temperature-dependent. 

Application 

We thus obtain the following as the conditional equation for the released 

reaction heat i 

;I=: AT 

The conversion rate can be determined from this reaction heat at a known molar 

formation enthalpy of the reaction studied, If two reactions are possible 

leading to the same product, then the DSC experiments provide an upper and 

lower limit for the product yield as illustrated in Fig. 3 by the example of 

methanation. 

CO + 3H2 = CH4 4 l-l20 + 206 kJ/mol 

CO2 + 4H2 = CH4 + 2H20 + 165 kJ/mol 
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Fig. 3: Arrhenius diagram of methane yield 



The experiments were carried out with a reaction mixture containing IO vol.% 

CO, 10 val,% CO2 and 80 vol.% H2. The fresh catalyst was first examined in a 

stirred tank reactor of the Berty type, one pellet was then subsequently studied 

in the DSC before the pre-aged catalyst batch was subjected once again to con- 

ditions in the stirred tank reactor. 

The reaction rates thus determined in the DSC led to a detailed reaction 

model based on the experience of Coenen et al. (ref. 3). 

The DSC also provided useful results for methanol synthesis, at least in 

the range of low CO2 concentrations. 

T= 
P= 

‘- 

f 

RIOI 
h.9 

Fig. 4: CD2 influence in methanol synthesis 

In methanol synthesis with Cu/ZnO catalysts, there is a maxjmum yield with 

respect to the addition of CO2 in the reaction gas. This effect has already 

been described by Klier et al. (ref. 4). Our experiments were all carried out 

with 80 vol.% H2, the remainder composed of variable fractions of CO and CO2. 

Since even in th-ls case methanol can be formed the~d~~i~a~~y in two ways 

CO + 2H2 = CH30H + 94. kJ,'mof 

CO2 + 3H2 = CH30H + Hz0 + 49 kJ/mol 

the same problems arise as for methane synthesqs. The criterion for the lower 

boundary of the methanol yiefd is the exclusive synthesis from CO. The upper 

boundary was determined via the ther~dynamica~ly maximum water content in 

the product. In the case of high CD2 contents the two boundaries of the com- 

puted methanol yield deviate thus far from each other that an additional 

evolved gas analysis (EGA) is required. 
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CONCLUSION 

The most important results of our work were as follows: 

The influence of the measuring plate on the calibration factor can 

be computationally determined. 

The calibration factor can be calculated for "small" and well con- 

ducting specimens. 

In the case of the specimens studied by us, the thermal conductivity 

fraction F was between 0.5 and 0.7. 

The limits of the measuring procedure are reached with high CO2 

concentrations in the methanol synthesis, in this case additional 

decision-making criteria (evolved gas analysis) are required. 

LIST OF SYMBOLS 

al (4 - 
a2 (ml 1 

c t-1 - 
d, b-d - 
d; (mf - 

F (-) - 
i (W) - 

K (W/K)- 

L (ml - 
T (K) - 
TB (K) - 
bT (K) - 

xc fWmK)- 
xG (W/mK)- 

radius of the sample support 

radius of the measuring plate 

dimensionless plate cooling parameter 

space between measuring plate and cover 

gap below the measuring plate 

fraction of reaction heat transported to the measuring plate 

reaction heat 

calibration factor for the measuring plate 

thickness of the measuring plate 

temperature 

block temperature 

measuring signal 

thermal conductivity of the measuring plate 

thermal conductivity of the gas 
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