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Abstrac t  

Results are presented on the low-temperature interaction of ammonia with A1PO-5, the TPD 
of the adsorbed ammonia and the high-temperature interaction of ammonia with the A1PO-5 
framework. 
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Introduction 

Following research concerning the interaction of ammonia with microporous 
aluminophosphates [ 1], this note reports result on the low-temperature sorption 
of ammonia on AIPO-5, the TPD of the adsorbed ammonia and the high-tem- 
perature interaction of ammonia with the AIPO-5 framework. 

As an unsubstituted aluminophosphate, AIPO-5 exhibits few Br6nsted cen- 
ters [2] and consequently low acidity [3], although acidity arising from struc- 
tural defects has been reported [4]. This is the reason for only the weak 
adsorption of ammonia on A1PO-5 [3]. 

Experimental 

A1PO-5 was synthesized according to a procedure given elsewhere [5]. The 
mean size of the crystallites, determined by means of a Philips XL 2(} SEM, 
was 1 p.m. The TG and DSC curves were recorded with SETARAM TG- 
DSC 11 r equipment. 
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For the low-temperature absorption of ammonia (20-100~ the standard 
operating procedure was as follows: 

- The sample of AIPO-5 was heated in the temperature range 20-550~ at 
4 deg-min -1 in flowing nitrogen (20 cm3/min) in order to remove water and the 
adsorbed template. 

- The sample was kept in flowing nitrogen (20 cm3/min) for 2 h at 550~ 
and in flowing oxygen (17 cm3/min) for 12 h in order to remove the 
carbonaceous residue. 

- The sample was cooled rapidly in a nitrogen flow (20 cm3/min) to the 
working temperature. 

- Isothermal adsorption of ammonia, using helium as gas carrier 
(14 cm3/min). 

- Nonisothermal desorption of ammonia (TPD) at a heating rate of 
5 deg.min -t in flowing nitrogen (20 cm3/min). 

As far as the high-temperature isothermal interaction of ammonia with 
AIPO-5 is concerned, the standard treatment of the samples consisted in: 

- Heating in the temperature range 20-550~ at a rate of 4 deg.min -t in 
flowing nitrogen (20 cm3/min). 

- The sample was kept at 550~ in flowing nitrogen (20 cm3/min) for 2 h 
and in flowing oxygen (17 cm3/min) for 12 h. 

- The sample was heated in flowing nitrogen (20 cm3/min) at a rate of 
10 deg.min -~ up to the working temperature. 

- Isothermal interaction of ammonia with the sample, using helium as 
carrier gas (14 cm3/min). 

As ammonia source, we used the coordination compound [Ni(NH3)6]Br2, 
synthesized according to Flora [6], kept at 132~ by means of a constant- 
temperature paraffin oil bath. An amount of 5-6 g of this compound proved 
sufficient for dry ammonia generation for 5--6 h under the above-mentioned 
conditions. 

T P D  d a t a  h a n d l i n g  

In order to obtain the nonisothermal kinetic parameters of ammonia 
desorption, in the framework of the 'reaction order' model three integral 
methods were applied: the Coats and Redfern method [7], the Flynn and Wall 
method for a constant heating rate [8] and the modified Coats and" Redfern 
method [9]. The experimental data were processed by a program written in 
BASIC language [10]. 
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Results and discussion 

Low-temperature adsorption of ammonia 

A typical isothermal curve in the coordinates ammonia uptake (%) vs. time 
is given in Fig. 1. 
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Fig. 1 Isothermal ammonia uptake vs. time curve (t= 19.46~ 

It is necessary to note the oscillations in the DSC curve and also the 
oscillations which modulate the TG curve, but do not alter it. Thus, it is 
possible to fit a kinetic equation to describe the ammonia uptake w:. time 
CUrveS. 

Table 1 Maximum ammonia uptake at various temperatures 

Temparture of adsortpion / 

~ C 

Maximum ammonia uptake 

(mass percentage) 

19.46 15.3 

49.32 12.3 

64.26 3.0 

79.19 1.2 

As shown in Table 1, the maximum ammonia uptake decreases as the 
temperature of adsorption is increased. 
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As concerns the maximum ammonia uptake for each isothermal curve, 
corresponding to the total conversion of ammonia in the adsorbed state (the 
degree of conversion, ct, is unity), the following integral kinetic equation (a 
variant of the Bangham-Burt equation [11] was found to fit the experimental 
data: 

=kt  (1) 

where t is time. The rate constant, k, and the exponent, p,  are specific for the 
given adsorbate - adsorbed system. With the data in the coordinates In o~ vs .  In t 
the results listed in Table 2 were obtained. 

Table 2 Values of  k and p for isothermal sorption of ammonia on A1PO-5 

Temperature / ~ k / s-" P [ r I * 

19.46 2.7610-3 1.70 0.9851 

49.32 1 .0010 -2 1.58 0.9926 

64.26 3.59.10 -3 1.72 0.9923 

�9 r is the correlation coefficient of the linear regression. 

An inspection of the data in Table 2 shows that the kinetic Eq. (1) is 
satisfied. Constant k decreases with increasing temperature in the temperature 
range 49.32-64.26~ Such an abnormal change in the apparent rate constant 
with temperature is probably due to an interplay between a true rate constant 
which increases with increasing temperature and an adsorption equilibrium 
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Fig. 2 TG and DSC (TPD) curves for ammonia adsorbed at 19.46~ 
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constant which decreases with increasing temperature. This decrease in constant k 
with increasing temperature, which was not observed for the system ammonia - 
SAPO-5 [1], is probably evidence of the contribution of the physical character 
of the adsorption of ammonia on AIPO-5 in the reported temperature ra:nge. 

Table 3 Shift in TPD peak temperature with variation of temperature of adsorption 

Temperature of adsorption / TPD peak temperature / 

o C ~ C 

19.46 136.5 

49.32 129.0 

64.26 98 

Figure 2 shows a q'G, TPD curve (in fact, the DSC curve correctly approxi-mates 
the TPD curve) for the desorption of ammonia adsorbed at 19.46~ 

Table 4 Kinetic parameters of ammonia TPD 

t~s = 19.46~ 

Kinetic Method 

parameter Coats-Redfern Flynn-Wall Modified Coats-Redfern 

E / keal.mole -l 6.70 7.70 7.00 

A/s  -l 4.90 6.84.10 9.69 

n 0 0 0 

[r[ 0.9980 0.9990 0.9970 

t~s = 49.32~ 

Kinetic Method 

parameter Coats-Redfern Flynn-Wall Modified Coats-Redfern 

E / keal.mole -l 19.40 19.50 20.50 

A/s  -t 6.0.10 s 8.04.108 8.04.10 s 

n 2 1.9 1.9 

I r l 0.9952 0.9959 0.9959 

t~ds  = 64.26~ 

Kinetic Method 

parameter Coats-Redfern Flynn-Wall Modified Coats-Redfern 

E / keal.mole -l 25.80 26.00 27.00 

A/s  -l 2.25.1013 2.75.1013 2.75.1013 

n 2.6 2.6 2.6 

Irl 0.9985 0.9987 0.9987 
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As shown in Table 3, the temperature corresponding to the peak in the TPD 
curve sifts to lower values as the temperature of adsorption is increased. Such a 
shift was observed for the system ammonia - SAPO-5 too. 

Table 4 lists the values of the nonisothermal kinetic parameters (activation 
energy, E, preexponential factor, A, and reaction order, n) for the desorption of 
ammonia from AIPO-5. 

The results in Table 4 reveal an increase in the desorption order from 0 for 
t ,~= 19.46~ to 2.6 for t~,=64.26~ As shown earlier [12}, the value n = 0  is 
accounted for by a diffusional loss of ammonia, probably from the pores of 
AIPO-5. As in the case of the system ammonia - SAPO-5, the higher values of 
the desorption order obtained for higher temperatures of adsorption can be as- 
cribed to the desorption of structural units which consist of more than one mole- 
cule of ammonia. 

This change in the value of the desorption order is probably due to the 
weaker interactions of ammonia with the surface at higher temperatures, which 
permits the association of ammonia molecules before desorption. 

All the reported results show the mainly physical character of the low-tem- 
perature adsorption of ammonia on AIPO-5. 

High-temperature interaction of ammonia with A1PO-5 

Figure 3 shows TG and DSC curves corresponding to the isothermal interac- 
tion of ammonia with AIPO-5 at 795.96~ 

After an initial mass increase of 1.5%, a mass decrease (~0.4%) followed 
by smaller mass increases can be observed. This quite irregular change in mass 
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was recorded even on isothermal treatment of A1PO-5 with ammonia for 12 h 
at the same temperature. These mass changes probably indicate the occurrence 
of ammonolysis, and thus the incorporation of nitrogen by A1PO-5. 

C o n c l u s i o n s  

1) The low-temperature interaction of ammonia with A1PO-5 c, onsists 
mainly in physical adsorption 

2) The high-temperature interaction of ammonia with AIPO-5 curw~,s indi- 
cate an incorporation of nitrogen into the AIPO-5 framework through am- 
monolysis. 
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Z u s a m m e n f a s s u n g  m Vorliegend werden die Ergebnisse fiber die Tieftemperaturwechsel- 
wirkung yon Ammoniak mit A1PO-5, dem TPD adsorbierten Ammoniaks und fiber die Hochtem- 
peraturwechselwirkung von Ammoniak mit AIPO-5 Ger/ist beschrieben. 
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