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Temperature-Programmed Reduction
Using the AutoChem 2910

Temperature-programmed reduction
(TPR) is a widely used tool for the chai
acterization of metal oxides, mixed me
al oxides, and metal oxides dispersed ( |

a support. The TPR method yields qua| : A _
titative information of the reducibility of| ; ) | | { 2
the oxide’s surface, as well as the hete
geneity of the reducible surface. - o -

TPR is a method in which a reducing P
gas mixture (typically 3% to 17% hydro Sl gl Sl n
gen diluted in argon or nitrogen) flows

over the sample. A thermal conductivity

detector (_TCD) is used to meas'ur'e Figure 1. Temperature-programmed reduction profile for a metal oxide.

changes in the thermal conductivity of Trace A displays the TCD signal output as a function of time. Trace B

the gas stream. The TCD signal is thendisplays the temperature as a function of time during &ClBeating rate

converted to concentration of active gagom ambient to 40€C.

using a level calibration. Integrating the

area under the concentration vs. time (or tempera-method is also suitable for quality control of differ-

ture) yields total gas consumed. Figure 1 shows a ent catalyst charges since deviations in manufactur-

TPR profile for the reaction; ing methods often result in different reduction
profiles.

M,Oy + yH, —>xM +yH,0 . . '
Figure 2 illustrates a TPR profile for a reagent
where MOy is a metal oxide. grade silver oxide (AgO) sieved to a minus 325
mesh. These data were generated using the Auto-
This ﬁgure illustrates a TPR SpeCtrum where the Chem 2910 and show the recorded thermal con-
peak maximum indicates the temperature that cor-ductivity signal as a function of the temperature.
responds to the maximum rate of reduction. The specific reaction is AgO +,H—> Ag + H,0.

The TPR method provides a qualitative, and someThirty-six analyses of this particular batch of sil-
times quantitative, picture of the reproducibility of ver oxide were performed using two different

the catalyst surface, as well as its high sensitivity AutoChem 2910s. For these 36 analyses, the aver-
to chemical changes resulting from promoters or  age T,,.and H consumed were:

metal/support interactions. Therefore, the TPR
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lar, is a very sensitive characterization technique
for determining the condition of a catalyst, particu-
Tmax 119.43°C 7.23 larly when using a new catalyst preparation or
H, consumed 95.39 cc/STP 1.47 cc/STP modifying a catalyst. The structural sensitivity of
the TPR method is illustrated in Figure 3. This is
The theoretical hydrogen consumption for this re- the recorded spectrum for the reduction of a bi-
action is 96.72 cc of hydrogen at STP. Thus, the eXary-mixed metal oxide catalyst of copper and
perimental H consumption as measured inthis  manganese. The profile was obtained with 109 H
series of experiments was 99.7% of theoretical.  in argon flowing at 50 sccm with a linear heating
rate of 10°C per minute. The four peak areas were
obtained by a simple valley-to-baseline integra-
tion; the volume of hydrogen consumed was calcu-
lated by a TCD concentration previously obtained.

Average Sigma

TPR ultimately yields a bulk reduction of the sam-
ple; the peak maxima are an indication of the re-
ducibility of the metal oxide phase. Careful
observation of Figure 2 shows a small, broad peak
at higher temperatures thap . This
peak is attributable to the reduction of
some bulk oxide in the sample. The P S—
specific particle size of the sample is
an important experimental variable; in
fact, for bulk oxides an increase in
TmaxiS predicted for an increasing par-
ticle size. TPR results are greatly influ-
enced by 1) the programmed heating
rate, 2) H concentration in the flowing
gas stream, and 3) the flow rate of the
gas itself. For example, as the heating
is increased, . Would also increase.
Decreasing the hydrogen concentration
in the flowing gas or c_jecreasmg the Figure 2. Temperature-programmed reduction profile of silver oxide. The
flow rate of the reducing gas would  TCD signal is shown as a function of temperature.

also increaseplax Therefore, precise
control over these experimental vari-
ables, as is available in the AutoChem
2910, is required when attempting to
compare data taken in different labora-
tories.

One of the most significant advantages
of temperature-programmed methods
such as TPR, is that they are very senj
tive probes of oxidic surfaces such as
supported catalysts. Temperature-pro-
grammed methods are some of the be -
and quickest methods to fingerprint a U
metal oxide or a supported metal cata-
lyst, and have become extremely Va|U'Figure 3. Temperature-programmed reduction profile of mixed copper

able and economic methods for cata- manganese oxide catalyst. The trace displays the TCD signal as a function
lyst characterization. TPR, in particu- ©f temperature.
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