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TPD studies on the kinetics of deammoniation of an NH4NaY zeolite showed that the 
use of a hyperbolic temperature programme led to kinetic parameters agreeing with those 
resulting from a linear heating process. Because of the progressive increase of the heating 
rate in the case of hyperbolic heating schedules, the parameters can be considered as inde- 
pendent of the heating rate within certain limits. The better resolution of complex desorp- 
tion spectra with hyperbolic programmes Js an additional reason for their use. 

The thermal activation of NH4NaY zeolites is connected with the desorption of 
water and ammonia, the latter occurring in the temperature interval from 473 to 
673 K and resulting in two overlapping peaks [1--3]: 

NH4NaY > HNaY + NH 3 ? 

Desorption of the high-temperature form of the sorbed NH 3 can be well described 
over a relatively large range of coverage by a rate equation of first order wi thout  
readsorption [3]. The activation energies of the desorption process on zeolites with 
different ammonium contents are very suitable for characterizing the acidity of the 
appropriate H forms [3], provided, however, that the activation energies calculated 
are widely independent of the experimental conditions and of the method of evalua- 
tion. 

On the other hand, besides other influences, the literature reports on the depen- 
dence of the kinetic parameters on the heating rate in thermoanalytical studies on 
other desorption processes by means of linear heating schedules [4 -6 ] .  

The application of non-linear, especially hyperbolic, temperature programmes could 
be very useful to obtain information about the influence of the heating rate: 

1 1 
- ~ =  TO /3 t (1) 

Furthermore, this kind of temperature guidance would permit a correction-free 
integral evaluation [7, 8]. In comparison with linear heating schedules, the shape 
index would advantageously be a function of reaction order only or of the mechanism 
of the desorption process in the case of hyperbolic temperature programmes [9, 10], 
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thereby offering an opportunity for the fast and exact determination of the concentra- 
tion function of undisturbed desorption curves using the shape index. 

The subject of these studies using a hyperbolic temperature programme therefore 
was the checking of the kinetic parameters obtained for the deammoniation process 
by means of a linear temperature programme. 

Experimental 

The apparatus ,,sed was reported elsewhere [11, 12]. A thermal conductivity cell 
(TCC), followed by a flame ionization detector (FID), were used as detectors, in this 
was permitting the separate recording of concentration curves of water and ammonia 
by forming the difference of the two detector signals. 

The flow rate of dry helium used as carrier gas was 3 I per hour. 
The hyperbolic temperature programme was realized by means of a special pro- 

grammer and a thermocouple of extremely low inertia. The hyperbolic heating con- 
stant was /~ = 1 �9 10-5 -- 3 �9 10 - 5  K - l m i n  -1 .  In each case 50 mg of 0.88 NH4NaY 
zeolite (Si/AI ratio 2.6), pelleted to grains 0.2-0.4 mm in diameter, water-equilibrated 
over a saturated Ca(NO3) 2 solution and diluted with 1 g of quartz of equal pellet size, 
was used. 

In order to separate the peak of the high-temperature form of the desorbing am- 
monia, the temperature programme was stopped at the peak maximum of the low- 
temperature form and the ammonia desorption was continued until the zero-line of 
the recorder was reached. The temperature programme was then started again. 

Results and discussion 

Figure 1 shows TPD curves of water and ammonia resulting from the use of dif- 
ferent temperature programmes. The heating constant of the hyperbolic tempera- 
ture programme was chosen so that the complex desorption curve developed in 
about the same time as for a linear heating schedule of 10 deg/min. Application 
of the hyperbolic programme led to a substantially better resolution, which was 
obviously brought about by the progressive increase of the heating rate in the case; 
it likewise led to a shift to other temperature ranges of the desorption of molecules 
relating to different surface conditions (as compared with experiments at constant 
heating rate). 

It is necessary to mention here that an improvement in the resolution of com- 
plex desorption spectra is also possible to a certain degree when using a relatively 
slow heating programme of linear type. However, in this case the amount of 
gas desorbed per unit time is low and it may therefore be dif f icult  to detect the 
desorbed substances quantitatively (e.g. in curve 2 of Fig. 1 the two maxima are 
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Fig. 1 TPD curves of water and ammonia for different temperature programmes. 1 : T = T O + lot ;  
2: T =  T O + 4t; 3: 1 /T=  1/T O -  3 �9 lO-St;  solid line: water;dashed line: ammonia 

nearly inperceptible). Furthermore,  the durat ion of one exper iment  is substantial ly 
longer. 

Kinet ic evaluation of  the separated high-temperature peak of the deammonia t ion  

process was carried ou t  on the basis of  a rate equation of  f irst order w i t h o u t  read- 
sorpt ion: 

d(~NH 3 
d t  = eNH 3 �9 A �9 exp ( -  E/RT)  (2) 

(~NH 3 being the coverage degree, A the pre-exponential  factor and E the act ivat ion 
energy. 

In the case of the hyperbol ic  temperature programme the evaluation was performed 
by various methods: 

1. by  means of the di f ferent ia l  rate equation: 

' ~  
dt  I = I n A -  E / R T  (3) 
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2. by means of the integrated rate equation: 

O 0 
In (In --'NH3 ~ A R  

~)NH 3 } ----- In - ~ -  -- E / R T  (4) 

3. by means of the method of Freeman and Carroll [13]: 

dt ) E 
= + n 151 

A In ONH 3 R ~ In ONH 3 

For the purpose of Comparison, experiments using linear temperature programmes 
were also carried out. In these cases the activation energy of desorption was calculated 
either on the basis of the differential rate equation (Eq. (3)) or by using the relation- 
ship between the peak-maximum temperature and the heating rate (~ (Eq. (6)) [14]: 

E E 
2 In Tm - In (~ = + In - -  (6) 

R T  m A R  

Results of the evaluation are shown in Table 1. A statistical comparison of the 
activation energies (t test wi th regression coefficients; significance level = 2 per cent) 
showed the calculated values not to be significantly different. 

Table 1 Results of kinetic evaluation 

Temperature Method of Range of 
E, kJ/mo! In A Corr. coeff. programme evaluation coverage 

T=  T o + 10t equation (3) 0.~5--0.36 88.4- + 1.7 15.44+-0.24 0.9995 

T = T o + at equation (6) -- 90.5 +- 3.6 16.42 + 1.65 0.9984 
=1 . . .20K/ra in  

1 /T=  1/T o -  1.88 �9 lO-St  
equation (4) 0.43--0.10 88.0+-1.0 15.40+-0.17 0.9997 
equation (3) 0.85--0.35 80.7-+1.8 14.06-+0.26 0.9984 
equation (5) 0.73-0.15 82.8-+2.2 -- 0.9980 

With the exception of the use of the integrated rate equation, the optimum adap- 
t!on to the appropriate linear equation was possible in almost identical ranges of 
coverage. A reason for deviation could be the somewhat different sensitivity of the 
method. 

As the entire desorption peak could not be described by means of a single rate 
equation in any case, the use of  the shape index to calculate the dependence of the 
coverage degree involves relatively great difficulties. This method of evaluation was 
therefore not used here. 

Evaluation according to Freeman and Carroll resulted in a reaction order of 
1.09-+0.03, supporting the assumption of a rate equation of first order. 

To summarize, i t  can be stated that the kinetic studies on the deammoniation of 
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NH4NaY zeolites, usidg a hyperbol ic  temperature programme on the one hand and a 

l inear one on the other,  led to identical f indings. However, hyperbo l ic  programmes 

have the advantage of the relative non-dependence of  the k inet ic  parameters on the 

heating rate, result ing f rom the progressive increase o f  the latter. 
The correct ion-free use of the integrated rate equat ion as an addi t ional  possibi l i ty  

o f  evaluation of  TPD results should permi t  more certain f indings w i t h  respect to  the 

correct  model.  By reason of  the better  resolut ion of  complex desorpt ion spectra, 

hyperbol ic  temperature guidance should also be of advantageous when used to study 

complex desorpt ion processes. In part icular,  the use of stronger non-l inear heating 

schedules gives reason to expect greater effects w i th  respect to  the resolut ion of  

overlapping peaks. The advantages of hyperbol ic  programmes should in each case 

just i fy  the higher exper imental  expense. 
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Zusammenfassung - Bei TPD-Untersuchungen zur Kinetik der Deammonisierung eines NH4NaY- 
Zeolithen konnte gezeigt werden, dass die Verwendung eines hyperbolischen Temperaturprogram- 
mes zu mit der linearen Temperaturf0hrung Obereinstimmenden kinetischen Parametern f~hrt. 
Wegen der progressiven Zunahme der Aufheizgeschwindigkeit bei diesem Temperaturprogramm 
k~nnen somit die Parameter als in gewissen Grenzen unabh~ngig davon betrachtet werden. 

Und nicht zuletzt sollte die beobachtete bessere Aufl~sung komplexer Desorptionsspektren 
Grund daf0r =sin, diese nichtlineare Temperaturf~hrung bei TPD-Untersuchungen mit zu ber0ck- 
sichtigen. 

Pe~JIOM@ -- 8 HccneAoBaH~tRX MeTO/~OM TepMoAeCOp6U, HH KHHeTHKH /~eCOp6U, HH aMMHaKa C 
NH4NaY-u, eonHTa 6blno noKa3aHo, qTO npHMeHeHHe rHnep6onHqecKo~ TeMnepaTypHo~ npor- 
paMMbl npHBOAHT K KHHeTHqeCKHM napaMeTpaM, COOTBeu HM nHHe~HO~ nporpaMMe. 
H3-3a nporpeccHpymu4ero pocTa CKOpOCTI4 nporpeBa npH TaKO~ TeMnepaTypHO~ nporpaMMe, 
rlapaMeTpbl MOryl" 6blTb paCCMOTpeHbl B onpe/],eneHHblX npe/~enax He3aBHCHMblMH O1" eH/],a 
npOrpeMMbl. He6n~o/~aeMoe nyquJee pa3peuJeHHe KOMnneKCHblX AeCOp6U, HOHHblX cneKTpOB, 
He B nocne/J, HlOlO or RBnReTCR nOBO/I, OM# qTO6bl o6paTHTb BHHMaHHe Ha TaKO~t HenHHeHHblH 
TeMnepSTypHbl~ peH<HM npH HccneAoBaHHRX MeTO/3,OM TepMoAecopSu, HH. 

J. Thermal Anal. 27, 1983 


