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EFFECT OF SOMVE EXPERI MENTAL
PARAMETERS ON TPR PROFI LES

Temperature-programmed reduction (TPR) techniques

information on the reducibility of catalysts and ca
excellent technique for characterizing a variety of
consists of exposing the sample to a flowing mixtur
as hydrogen, in an inert gas while linearly ramping
consumption of the reducing agent is monitored and
reduction of the sample. Figure 1 shows the TPR pro
NIiO/Si0 , catalyst using a 10% H
ml/min and a linear heating rate of 20 K/min. Such
concerning the ease of reducibility (temperature at
extent of reducibility (signal area) of the materia
comprehensive description of this technique is foun
Programmed Reduction for Solid Materials Characteri
McNicol (Marcel-Dekker, Inc., 1986).

Unfortunately, it is sometimes difficult to compar
different laboratories or reported in the literatur
experimental parameters for conducting TPR experime
the rate of heating, the composition of the reducin
particle size can all greatly affect the rate of re
examines the effect of some experimental parameters

Monti and Baikerl derived an equation relating the
Tm, to linear heating rate and hydrogen concentrati
ie.
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where: T miS the temperature at maximum signal;

[H 2] is the average hydrogen concentration;

rT is the linear heating rate;

E a IS the activation energy of reduction;
R is the gas constant; and

A is a pre-exponential factor.
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This equation predicts a decrease in Tm with increa sing hydrogen
concentration and with decreasing heating rate. It further predicts that the
observed temperature maximum is independent of flow rate, a prediction which is
not borne by experiments.

The usefulness of this equation is in comparing dat a obtained under
various conditions. For example, Gentry and coworke rs 2 in a study of CuO
determined E  , to be approximately equal to 67 KJ/mole. Using a f low rate of 20
ml/min, a heating rate of 6.5 K/min, and H 2 partial pressure of 0.1, they
observed T ;= 280°C. Using their results and equation (1) it i s thus possible to
predict T ., for other experimental conditions. Figure 2 shows how the predicted
Tm would vary for CuO for various hydrogen concentr ation and linear heating

rates according to equation (1).

The effects of flow rate are not as easy to predict . Intuitively, one
would expect a lowering in T mWith increasing flow rate. This is indeed in
agreement with literature reports. Monti and Baiker found a lowering in Tm for
supported NiO of 15°C as the total flow rate was ch anged from 30 ml/min to 60
ml/min *.Inthe TPR of CuO, using 5% H 2 and a heating rate of 20 K/min, a change
in flow rate from 30 ml/min to 80 ml/min resulted i n a lowering of Tm by 15°C. A
good rule of thumb is to expect a lowering in T mOf about 10-20'C with a

doubling of flow rates.

Since TPR is a bulk process, not all the particle i s exposed to the
reducing gas at the same time and thus a dependence of T on the size of the
particle is expected. The prediction of this depend ence is complicated by the
mechanism by which reduction occurs. Lemaitre 3 has examined this dependence for
various types of reduction mechanisms, of which per haps the most important ones

from a catalytic viewpoint are:

phase-boundary-controlled reduction, typical of bu Ik oxides;
and nucleation-controlled reduction, typical of supported metals.
Interestingly, the predicted behavior of T mWith particle size is
different depending on the reduction mechanism. For bulk oxides, an increase in
Tnis predicted with increasing particle size. The op posite is predicted for

supported metals.

These various factors and their effect on the ultim ate TPR profile are
summarized in Figure 3. They should all be taken in to consideration when
attempting to compare data taken in different labor atories or under different
conditions.
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Figure 1. TPR of NiO/SiO2.
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Figure 2. Effect of various TPR parameters on
predicted Tm for CuO.
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Figure 3. Relation between various parameters
and observed Tm in TPR.



