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ABSTRACT 

By means of tpd studies of NH 
a 

from HY zeolites it could be shown 
that the use of non-linear te perature'programmes influences the 
complex desorption process in such a manner that appearing de- 
sorption maxima are better visible. When'using bases which only 
are able to enter the supercage of HY zeolites so one obtains in- 
formation about catalytically active acid centres. 

INTRODUCTION 

One of the most important properties concerning catalytic activi- 

ty of zeolites is their acidity /l/. In order to characterize it 

beside titration by n-butylamine /2/ and ir spectror:copic studies 

of pyridine adsorption /3, k/ tpd of NH3 is used frequently /s-9/. 

In case of HY zeolites it could be shown that the activation en- 

ergy of NH3 desorption /9/ but also desorption of other bases /lo/ 

can serve as a quantitative measure of acid strength of the "HF" 

OH groups. Moreover in case of Me 2+ HY zeolites tpd of NH3 allows 

decision between NH 3 splitting from Brgnsted centres (OH groups) 

and Lewis centres (coordinatively unsaturated Me 2+ ions) /ll/. 

Interpretation of results or kinetic evaluation, respectively, 

are often difficult because of the formation of strongly struc- 

tured desorption curves with poorly perceptible maxima resulting 

from the desorption from centres of different acid strength. 

Moreover, in every case it is necessary to check whether the ac- 

tivation parameters obtained are independent of the experimental 

conditions and the method of evaluation, respectively. 

The apparatus used and the measuring method were described else- 

where /9, 10, 12, 13/. 

RESULTS AND DISCUSSION 

Fig. 1 shows tpd curves of NH 3 desorption from a HNaY zeolite 

(%/Al ratio 2.6, degree of exchange 88 $) for several tempera- 

ture programmes with NH 
3 

amounts according to the OH group con- 
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tent of the zeolite. In every case two 

overlapping peaks result which can be 

attributed to the N'B 
3 

desorption from 

"LF" OH groups (low temperature peak) 

and from the "HF" OH groups (high tem- 

perature peak), respectively /9, 14/. 

Only if a hyperbolic temperature 

schedule is used the desorption maxi- 

. - of the higher temperature is vi- 

Fig. 1 tpd curves for NH3 sible clearly /15/. With the activa- 

1: T = To + l0.t tion energy of the first peak estima- 

2: l/T = l/To - 3.10-5.t ted approximately and the activation. 

3: l/T = l/To - 2.10-5.t energy of peak 2 calculated by several 

methods /9, 15/ and the NH 
3 

amount 

according to the both peaks /9/ calculation of the complex desorp- 

tion curve for several non-linear temperature programmes of the 

common form 

dT/dt = "n Tn 
%l 

= const. n = 1, 2, . . . 

is possible assuming additionally the existence of two lst order 

desorption steps without readsorption jl6/, In fig. 2 calculated 

desorption curves for several temperature programmes are shown 

(E 
A 

= 39 kJ/mole, A 

IO min" 
1 

= l.4,103 min-', E2 = 88 kJ/mole, Q2 = 8.1. 

, ratio of NH 
3 

amount peak 1 to peak 2 = 1 : 0.5). In 

case Of linear and hyperbolic heating desorption curves result 

which show good qualitative agreement with the experiments. More- 

over, it can be seen clearly that on increase of the non-lineari- 

ty of the temperature programme (n = 3, 4) the maximum of peak 2 

becomes better visible that means the desorption process is less 

influenced by the desorption according peak 1. This is of advan- 

tage for kinetic evaluation (use of half wide for calculation of 

the activation energy). Besides, in case of exponential heating 

one can see that the heating parameter "I, is only of low influ- 

ence on the desorption course /l?/ therefore the maxi- of peak2 

is better visible at lower heating rates. At increasing non-line- 

arity (n>l) this influence does not exist any longer /16, 17/ 

and so the course of desorption only depends on n. iSor other ex- 

amples of overlapping of two desorption steps it could be shown 

that the use of temperature schedules with n = 4 or 5 allows a 
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Fig. 2 Calculated tpd aaarves for 

1: T = T* + 10.t 

2: T = To exp(D.01. t) 

3:'T = To exp(O.02.t) 

4: l/T = l/To - 2,10-5.t 

5: l/T =' l/T - 3.10-5t 

6: l/T2 = l/G2 

9 

- 1.10-7.t 

7: l/T3 = l/To - 3.6~lO"Ct 

good visibility of the desorptioa 

maxima of both steps-/+6/. There- 

fore it is necessary in every case 

to check which temperature pro- 

gramme is best suitable far a spe- 

cial problem. 

When characterizing acidic proper- 

ties of HY zeolites by bases which are able to enter the super- 

cage of the zeolites by reason of their diameter so one obtains 

information about catalytically active acid centres. Fig. 3 shows 

desorption of N-aethylpyrrolidine for a linear temperature pro- 

gramme with different heating rates. The amount of desorbed base 

in this case corresponds to the "HF" OH group oontent of the HNaY 

(88 %) (OH groups in the supercage). The relatively unique peak 

is describable well by a 1 st order rate equation without readsorp- 

tion for a relatively large range of coverage degree. In tab. 1 

the activation energies are summarized obtained by different me- 

tt$ods. When the heating rate is changed one obtains somewhat dif- 

ferent values, but changing only in the range of errors and not 

representing a significant dependence. Thus the obtained activa- 

tion energy (together with tpd results of different sample amounts 

and arrangement of the 

sample) can be considered 

as independent of the ex- 

perimental conditions and 

therefore represents a 

suitable measure for the 

Fig. 3 tpd curves for 

M min 

.--__ 
N-methylpyrrolidine 

1: 10 K/min, 2: 6 K/min, 

-t 3: 4 K/min, 4: 2 K/min 
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strength of interaction of bases with OH groups. 

Tab. 1 Results of kinetic evaluation 

heating rate method range of E corr. coeff. 
(,K/min) coverage (kJ/mole) 

1 
2 2 

3 

4 
1 

6 
3 

I 
10 2 

3 

0.98-0.29 225.0~12.3 0.99949 
0.98-0.41 227.2LI9.7 0.99701 

223.3 '- 

0.98-0.35 203.2218.8 0.99918 
203.1 

0.96-0.34 218.0+23.2 0.99912 
218.4- 

0.98-0.27 I95.7+16.3 0.99949 
0.97-0.27 199.7+10.5 0.99902 

199.7 

method: 1: ln(-dg/dt*I/C) = 1nA - E/RT, 2: Freeman and Carroll 

/18/, 3: Chan, Aris and Weinberg /IY/ 
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