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Conparison of Static and
Dynam ¢ Chem sorption Measurenents

In previous issues of Altamira Notes we have discussed the use of pulse
chemisorption and temperature-programmed desorption , 1.e. dynamic techniques,
for catalyst characterization. One question that is often asked is how do

results fromthese techniques conpare with results obtained fromstatic
vol unetric chem sorption nethods? This Note compares results for various
catalysts obtained by both static and dynamic metho ds.

Pulse Chemisorption

Pulse chemisorption was described in the March 1990 issue of Altamira
Notes. ! Pulse chemisorption is ideally suited for catalyst -adsorbate
combinations which have relatively fast adsorption kinetics, i.e. the adsorption
process is not activated. For this comparison we ha ve chosen two supported Pt
catalysts with low metal loading: an ASTM standard catalyst having 0.5 wt% Pt on
alumina, and an in-house 0.3 wt% Pt on alumina. Car bon monoxide was used as the
adsorbate.

Hydrogen, CO, or in some cases oxygen, have been mo st commonly used for
chemisorption measurements on Pt catalysts when usi ng static (volumetric) tech-
niques. 2% Infact, ASTM has developed a standard test method for hydrogen
chemisorption on Pt/Al 20; catalysts (Test D 3908-88). However under dynamic
conditions, the slow adsorption kinetics of the hyd rogen on Pt makes it a
marginal choice. On the other hand, the adsorption of CO on Pt is well known to
be a fast process, making it an obvious choice for pulse chemisorption

experiments.

Table 1 shows a comparison of the measured CO uptak e on the two Pt catalysts as
measured by both volumetric and pulse technique. Th e agreement between the two
methods is excellent. It may be noted that the puls e method results in a

slightly lower measured uptake, this may be due to some degree of weakly-held or
"reversible" CO being measured by the volumetric me thod which will not be

measured by the pulse method.
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Table 1: Comparison of Static and Dynamic

Table 2: Comparison of Static and Dynamic
Techniques in Chemisorption Measurements.

Techniques in Chemisorption Measurements.

One advantage of the pulse method over volumetric m ethod is the time required

to conduct the test. After the pretreatment process
both methods, a complete pulse chemisorption analys
minutes, including system calibration. In contrast,
measurement can easily take four hours or more to ¢

A second advantage of the pulse method is that its
easily improved by either using smaller pulsing loo
of the adsorbate in an appropriate inert gas. For e
in He can be used as the adsorbate instead of pure
slightly the time of the analysis, but yields bette

Temperature-Programmed Desorption

Temperature-programmed desorption TPD) can be used
catalyst-adsorbate kinetics are not favorable for p
measurements (see Altamira Notes No. 19, Winter 199
point. For Supported cobalt catalysts, H
temperature, but can be accelerated by slightly inc
the sample to about 100°C.
temperature and has the additional disadvantage of
disproportionate, at higher temperatures, via the B
2CO=C+CO ,.

The hydrogen uptake of two cobalt catalysts were me

volumetric chemisorption and TPD. The catalysts con

on alumina. One catalyst also contained 0.5 wt% rut
dispersion promoter. Figure 1 shows the hydrogen TP
catalysts. Both catalysts showed a broad desorption

the Ru-containing catalyst exhibited a larger desor
parameters in obtaining these TPD results were the

the adsorption time, 50°C and 30 minutes, respecti

Table 2 compares the hydrogen uptake as measured by
point volumetric method. Again, excellent agreement

As with pulse chemisorption, use of the TPD for mea
result in significant time savings. Additionally, s
be gained from the temperature profile concerning t
chemisorption.

es, which should be similar for
is typically takes less than 30
a five-point volumetric
omplete.
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r reproducibility.
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Figure 1:

H, TPD of Alumina-Supported Co Catalysts

Effect of Ru Promotion

Summary

It can be seen from these comparison that proper us
chemisorption methods lead to the same results. Dy
advantages of simplicity and speed.
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