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The paper presents a technique of examining catalysts by a modified DTA method 
in mixtures of reacting gases. The possibilities of using the obtained results for a selec- 
tion of ammonia oxidation catalysts have been examined. The technique described may 
also be applied for the selection of catalysts in other reactions. 

Thermal methods have been applied for the examination of many aspects of 
catalytic ammonia oxidation, among others the activities (selectivities) of catalysts 
of oxidation to NO as the most interesting one [1 - 11 ]. Since ammonia oxidation 
comprises three different reactions, each of which has a different exothermicity 
(producing nitrogen N2, nitrous oxide N20, and nitrogen oxide NO, with exo- 
thermicities of 316.7 kJ, 276.1 kJ and 226.4 kJ per mole of NH3, respectively), 
a change in the selectivity, produced for instance by a temperature change, will 
consequently bring about a change in the heat generated on the catalyst. This nat- 
urally complicates an unequivocal determination of the activity (selectivity) only 
on the basis of the heat effects. For this reason, the reports published so far have 
assumed the occurrence of only one reaction on the catalyst. It seems possible, 
however, to approach the problem of catalyst selection by the DTA method in a 
way which will not require such an assumption. This approach is presented below. 

Experimental 

Experiments were carried out in an apparatus which could operate in a tempera- 
ture range up to 900 ~ at atmospheric pressure and with a constant flow of gas mix- 
ture of any quantitative composition. The apparatus, applied formerly to the exam- 
inations of other reactions [12-  14], consisted of a typical unit for the gas mix- 
ture preparation [15], measuring systems with a sample (single pellet) set parallel 
or perpendicular to the gas flow direction (Figs 1 and 2), and recorders (EZ-10 
and Kipp BD-2). 

The reactor and the thermocouple ( P t - P t  10~  Rh, 0.2 mm in diameter) 
covers were made of quartz glass. For this reason the A t value (catalyst overheat- 
ing) was measured in relation to the temperature (further denoted as gas tempera- 
ture, tg) indicated by the thermocouple placed in the quartz cover, about 2 mm in 
diameter. 
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Fig. 1. Measuring system with a parallel setting of the sample; 1 -- sample of catalyst, 2 -- dif- 
ferential thermocouple; 3 -- thermocouple for gas temperature measurement, scale 
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Fig 2. Measuring system with a perpendicular setting of the sample; 1, 2, 3 and scale as in 
Fig. 1 

The measurements  were taken  at  a constant  increase and /o r  decrease  in the reac- 
tor  tempera ture ,  a t  a ra te  of  a b o u t  5~ 

Samples were in the fo rm of  single, commerc ia l ly  avai lable  meta l  oxides of 
var ious  degrees o f  pur i ty  (denoted as " p u r e "  to " p .p . a . " ) ;  these were p laced as 
water  pastes  on a the rmocouple  cover by means  o f  a special  device. Metals  were 
appl ied  as wires twined in single coils round  a the rmocouple  cover. The masses of  
the samples were o f  the o rder  o f  several tens o f  rag. 

J. Thermal Anal. 19, 1980 



BARCICKI, WOJNOWSKI: AMMONIA OXIDATION CATALYSTS 237 

The gas mixture, composed of 10 vol. % of ammonia  and 90 vol. % of air, 
flowed at a linear rate of 18 cm/sec or 36 cm/sec, depending on the type of the reac- 
tor (the reactors had different diameters, and the Reynolds numbers were 145 and 
96, respectively). 

Results and discussion 

Direct results were obtained as values of tg = f(z), where tg was the gas tempera- 
ture at a distance of 3 or 5 mm before the catalyst, and z denoted time, while 
A t = f(z). The results were obtained by recording tg = f (z)  and A t = f(~) simul- 
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Fig. 3. Catalyst overheating curves; parts before the maxima shown; for catalyst 2 the whole 
curve is shown. 1-Co~O3; 2-Fe2Oa; 3-CuO; 4-MoO~; 5-La203; 6-MgO; 7-AleO3; 8-PbO 

taneously but independent by two recorders and after each measurement these 
results served as the basis for plotting At = f(tg) or At = f(tc) , where tc (catalyst 
temperature) is equal to tg + A t. The curves obtained in this way had a characteris- 
tic S-shape (Fig. 3, curve 2). In some ~ ases, however, the shape was more complicat- 
ed, which was connected with phase t. 'ansformations, oscillatory phenomena [11 ], 
etc. 

The results obtained may be used fo. catalyst selection in various ways. 
1. The overheating curves characteriz,, the interval of a catalyst's activity, its 

lower limit in particular (Fig. 3), which thu~ makes it possible to perform an initial 
selection of catalysts in cases when the external conditions require an application 
of catalysts with given operation temperatures. In such cases, the obtained curves 
make it possible to eliminate from further research the catalysts active at inade- 
quate temperatures [14]. 

3* J. Thermal Anal. 19, 1980 



238 BARC[CK[, WOINOWSKI:  AMMONIA OXIDATION CATALYSTS 

2. The overheating curves may be useful in permitting choice of a temperature 
interval for detailed studies by more complex methods, since they provide informa- 
tion about characteristic regions, e.g. of phase transformations, etc. 

3. If  some catalysts are active in the same or similar temperature intervals, then 
they may be compared directly on the basis of the overheating curves. In view of 
the identical or similar heat exchange conditions, even on the basis of  the A t values 
one may state that, for instance, heat is generated more quickly on catalyst 2 in 
Fig. 3 than on catalysts 3 and 4. It enables one to eliminate from further research 
catalysts showing the lowest rates of heat generation. A small rate of heat genera- 
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Fig. 4. Catalyst activity sequence measured by the value of the activity disappearance temper- 

ature (t~a) 

tion implies that one cannot expect a high yield of any oxidation product, including 
NO (differences in the exothermicities of particular reactions are too small - at 
most about 30~o - to account for overheating differences reaching I 0 0 ~  or more). 

4. The temperature at which there appears a catalyst overheating of 1 ~ (which 
then continues to rise with the increasing reactor temperature) may be called an 
activity appearance temperature (ta.), while that at which, during cooling of the 
reactor, the catalyst overheating is still 1 ~ (and then goes on decreasing) may anal- 
ogously be caIled an activity disappearance temperature (t.a). With these defini- 
tions, it turns out that sequences of catalysts arranged according to increasing tan 
values, and even more so with the t~a values, are very similar (Fig. 4) to the sequences 
determined by chemical analysis methods [16]. Results obtained in this way 
may thus constitute a starting point for futher considerations, just like those in 
papers reported so far. Nevertheless, one should emphasize the simplicity of obtain- 
ing results which, in other cases, for instance by gas chromatography, would be 
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much more time-consuming and would require the application of a complex appa- 
ratus [17]. 

5. Since the initial elimination (cf. item 3 above) is usually insufficient, a compar- 
ison of catalysts active in different temperature intervals must take into consider- 
ation the influence of heat exchange on the value of overheating. After a calcula- 
tion of the rates of heat generation [13, 18 ], one obtains the curves shown in Fig. 5. 
Their courses will allow an elimination of catalysts in a way analogous to that 
shown above for the overheating curves. Besides this, they also make possible a 
choice of curves of fairly slow decreases of rates of heat generation after a maxi- 
mum, which is advantageous technologically. 

6. An analysis of a larger number of heat generation curves [19] reveals that 
the maxima of catalysts reported in the literature [20] as selective in oxidation to 
NO lie at much lower temperatures than the maxima of the catalysts regarded as 
non-selective [21 ]. Since the liter~,ture data [19] report the courses of the most exo- 
hermic reactions of oxidation to nitrogen in a temperature interval close to the taa, 
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Fig. 5. Heat generation rates for different catalysts; parts of curves after the maxima shown. 
1-PbaO4; 2-SnO~; 3-u 4-Fe~O4; 5-La20.~; 6-ZrO2; 7-CaO 

and the appearance, followed by the gradual predominance, of other less exother- 
mic oxidation reactions at higher temperatures, the observation presented above 
may be explained by the scheme offered in Fig. 6. This shows that a high selectivity 
of oxidation to NO may be expected when the catalyst is active at lower tempera- 
tures; otherwise, it would enter the region of homogeneous oxidation (to N2) 
before reaching the interval of the oxidation to NO. 

7. If we assume that the total heat generated at maximum temperature /qmax 
is derived from the oxidation to nitrogen, then, at the temperature in which 
q = 2/3 q,~ax one may expect the highest rate of oxidation to NO (with the addi- 
tional assumption that the ammonia consumption remains constant), since the 
ratio of the exothermicities of oxidations to NO and to N2 is about 2/3. 

8. The assumptions imposed above may now be formulated less rigorously and 
we may then assume that at the temperature of maximum heat generation there 
already occur other less exothermic reactions. Thus, the presented technique still 
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makes an  initial  catalyst selection possible, for it allows a determinat ion of the l im- 
its of  the interval  of  the greatest probabi l i ty  of  the occurrence of NO, as equal to 
tqmax < t < t2/3 qm.x" This will facilitate the choice of a temperature  interval for 
detailed studies by other methods .  
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Fig. 6. Scheme of the reaction courses on low- and high-temperature catalysts. -- low temper- 
ature catalyst; . . . .  high temperature catalyst; �9 act ivi ty appearance temperature (taa) 

Conclusion 

It  seems that, owing to the simplicity of the apparatus,  the short time needed to 
obta in  the results, the easy au tomat ion  of the measurements ,  as well as the simple 
interpretat ion of the data, the technique described may prove useful for an initial  
selection of catalysts of  ammon ia  oxidation and of  other similar reactions. 

Grateful acknowledgement is made to W. Wob, cewicz for his critical remarks on the 
earlier versions of this paper and for his kind reading of the final typescript. 
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RI~SUMI~ -- L'article prdsente une technique destinde/t l 'examen des catalyseurs par une m6- 
thode d 'ATD modifi6e, effectude dans des m61anges de gaz r6agissants. In a examin6 la possi- 
bilit6 d'utiliser les r6sultats obtenus pour s61ectionner des catalyseurs d'oxydation de l 'ammo- 
niaque. La technique d6crite peut aussi 6tre appliqu6e ~, la s61ection de catalyseurs pour 
d'autres rdactions. 

Z U S A M M E N F A S S U N G  - -  E s  wird eine Technik zur Untersuchung von Katalysatoren durch eine 
modifizierte DTA-Methode in einem Gemisch von reagierenden Gasen beschrieben, Die 
M6glichkeit des Einsatzes der erhaltenen Ergebnisse zur Wahl von Katalysatoren zur Ammo-, 
niakoxidation wurde untersucht. Die beschriebene Technik kann auch zur Auswahl von Ka- 
talysatoren ffir andere Reaktionen angewandt werden. 

Pe3roMe - -  HI?,eJlCTaBneH MeTO~ FICCJIe~tOBaH!41t KaTa~n3aTopoB C nOMOLIIBtO BI4~OII3MeHeHHOFO 
MeToJla ~TA g CMeCnX pearHpyroumx Fa3OB. IA3yqeHa BO3MO)KHOCTN 14CIIO21b3OBaH!4I[ noJly- 
qeHHblX pe3yJlbTaTOB ~UIfl no~60pa KaTaYlH3aTOpOB OKHCJleHH~ aMMUaKa. OnHcaH~tblfl MeYOll 
MO~eT ~r,~Xb MCHf)Ylb3OPalt .LIJDt no;t6opa ~aq aJ~3aropoB B /lpyr~J': peaKuanx. 
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