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Reliable thermodynamic parameters for the thermal decomposition of diammonium 
hydrogenphosphate [(NH4)2HPO 4] may be obtained using a fluidized bed. For  the 
same size of particle, at the same temperature, but for different carrier gases, the rate 
constant and activation energy increase in the following order: air, methane, hydrogen. 
Por the same carrier gas (air) the rate constant increases when the particle size decreases. 

It is well known that diammonium hydrogenphosphate is a constituent of 
fertilizers. The thermal decomposition of pure diammonium hydrogenphosphate 
and of fertilizers containing this salt has been studied [1 - 6] but no kinetic study 
of the decomposition has been made so far. One of the major problems associated 
with the kinetics of solid state reactions is the evaluation of activation energies 
and related parameters for clearly identified processes beginning from the initial 
portion of nucleation, through the various intermediate phases to the final stages 
of decomposition [7]. 

In order to study the thermal decomposition of (NH~)2HPO4, the isothermal 
method in a fluidized bed has been utilized. This method has been elaborated by 
Kr6bl [8] in order to study the thermal decomposition of cobalt (llI)-amino 
complexes. An outline of the apparatus is shown in Fig. 1. 

Air, methane and hydrogen were used in order to study the influence of carrier 
gas upon kinetic parameters. The pressure of the gases was constant and equal 
in every case. The flow rate was 8 l/h. Ammonia evolved during the decomposition 
of (NH~)2HPO 4 was trapped in a 0.01 N H2SO4 solution. A 1 : t mixture of methyl 
red with methylene blue was used as indicator. 

In order to study the influence of particle size upon kinetic parameters, we 
always worked with 0.0611 g (NHa)2HPO 4 of the following sizes: 0.10-0.07 mm; 
0.20-0.15 ram; 0.30-0.25 mm and 0.40-0.43 mm. That such small quantities 
are required is a fact of considerable importance in the study of the thermal 
decomposition. 

An equation was sought which well describes the kinetics of thermal decompo- 
sition. Taking into account the complexity of the process, there is little chance 
of finding a general equation capable of describing the kinetics of all thermal 
decomposition reactions, especially in the case when the kinetics vary during the 
process [9]. 
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A fluidized bed was quite useful in the studies because o f  the temperature 
homogeneity and uniform gas diffusion and desorption on the sample surface [10]. 

The partial pressure o f  ammonia  on the surface o f  the particles was reduced 
remarkably, because the particles were surrounded by a large quantity of  gas; 
the situation is thus like that in high vacuum. In this way diffusion is hindered and 
competitive reactions do not occur so that the thermal decomposit ion is simpler. 

In our work on the thermal decomposit ion o f  (NH4)2HPO 4 we used data 
obtained by Deschanvres and Nouet  [11 ] in a study of  the thermal decomposit ion 
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Fig. 1. 1. Compressor; 2. Pre-stabilizer; 3. Final stabilizer; 4. Capillary tube; 5. Pressurd 
gauge; 6. Vessel filled with CaCle; 7., 8. Pre-heaters; 9. Refrigerator; 10. Phial with fiuidizee 

( N H ~ ) 2 H P O ~ ;  11. Vessel with liquid; 12. Asbestos plug 
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of ammonium metavanadate. It was concluded that our results fit a kinetic model in 
which the nucleation is superficial and fast uninterrupted movement of the carrier 
gas takes place on the interfacial reactive surface, transmitted towards the particles 
at a constant rate. Mathematically the process is expressed by the following 
equation: 1 -  ( 1 -  ~)113 = kt, where 0~ is the transformation degree and t is the 
time. 1 -  ( 1 -  ~)1j3 was plotted against time and from the slopes of the lines the 
rate constant k was calculated. Subsequently, taking into account the Arrhenius 
law k -- Aexp(-E/RT ) the log k vs. lIT plot was prepared, and from the slopes 
of the lines the activation energy was calculated. The experimental data obtained 
for various temperatures, particle sizes and carrier gases are given in Tables 1 and 2. 

T a b l e  I 

R a t e  c o n s t a n t s  a n d  a c t i v a t i o n  e n e r g i e s  f o r  d i f f e ren t  p a r t i c l e  sizes,  

u s i n g  a i r  as  c a r r i e r  gas  

Particle sizes 
Temperature 

0.15--0.20 mm 0.25--0.30 mm 0.40--0.43 ram 

oC k(min--1) k(min -~) k(min -1)  

98 5.88 " 10  -3  4 .62  " 10 - 3  3.60 " 10 -3 

108 1 .18  " 10 -2  1.13 " 10 -2  8.54 " 10 -3  

113 1.61 " 10 -~ 1.50 " 10- '0 1 .20  " 10 -2  

E (kca l  m o l e  -x)  19.18+--0.86 2 2 . 1 9 + - 0 . 6 8  2 3 . 1 4 + 0 . 7 6  

T a b l e  2 

R a t e  c o n s t a n t s  a n d  a c t i v a t i o n  e n e r g i e s  f o r  d i f f e ren t  c a r r i e r  gases ,  

u s i n g  0 . 1 5 - - 0 . 2 0  m m  p a r t i c l e  size 

Carrier gas 
Temperature 

Air Methane Hydrogen 

~ k(min -~)  k(min -1)  k(min--1) 

98 5.88 " 10 -3  6.84 " 10 -3 8.98 " 10 -3  

108 1 . 1 7 "  10 -2 1.58 �9 10 -2 2 .18  " 10 -'~ 

113 1.61 " 10 -2  2 .16  " 10 -2  3.19 " 10 --~ 

E (kca l  m o l e  -1)  19.18___0.86 2 2 . 1 1 + 0 . 6 8  2 4 . 8 2 + 0 . 6 3  

By using the least squares method, the confidence limits for the activation energy 
were calculated. 
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Conclusions 

a) For  the same particle size, at the same temperature,  but  for different carrier 
gases, the rate cons tant  increases in the tollowing order:  air, methane,  hydrogen.  
The act ivat ion energy increases in  the same order. The increase is appreciable in 
the case of hydrogen due to its high diffusion rate. 

b) Fo r  the same carrier gas (air), the rate cons tant  increases with decreasing 
particle size. This is due to the defects whose n u m b e r  increases in the c rumbl ing  
operat ion,  and  to the increases of the surface area. 

c) This work shows that  a fluidized bed may, under  certain condit ions,  be used 
to arrive at  kinetic data  for clearly identified steps in  thermal  decomposit ions.  

Of course the reaction studied is heterogeneous and the activation energy data 
obta ined  can be influenced by the crystal energies. 
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RI~SUMIg - -  On peut obtenir les param~tres thermodynamiques de la d6composition thermique 
de l'hydrog6nophosphate di-ammonium par utilisation des lits fluidifi6s. Avec les m~mes 
taffies de particles et la m~me temp6rature les valeurs des constants de vitesse et de l'6nergie 
d'activation augmentent selon le gaz vecteur employ6, en ordre air, m6thane, hydrog~ne. En 
utilisant le m~me gaz vecteur (air), les constants de vitesse augmentent si la tailIe des par- 
ticules diminue. 

ZUSAMMENFASSUNG - -  Verl~igliche thermodynamische Daten der thermischen Zersetzung 
yon Diammoniumdiphosphat wurden durch Anwendung yon fiuidisierten Betten erhalten. 
Fiar gleiche Teilchengr~SBen bei gleichen Temperaturen und verschiedenen Tr/igergasen 
wachsen die Werte der Gesehwindigkeitskonstanten und der Aktivierungsenergien in der 
Reihenfolge Luft, Methan, Wasserstoff. Bei gleichem Tr~igergas (Luft)nimmt die Ge- 
schwindigkeitskonstante mit abnehmender Gr6ge zu. 

Pe3~oMe - -  l'Ioay'~enJ~ Haaexnbie repMoana~nxn~ecKae napaMexpr~r ~ TepMopacna~a 
[NHa]zHPO4. B cayaae naBecrn oztnnaroBoro pa3Mepa ilpn oano~ n TOrt xe TeMnepa'rype, no 
np~t pa3nblx ra3ax-nocnYe~ax nocxoannaa cxopocxn ~ 3neprna aKxrIBar~Hn yae~nanaa~oTca B nop- 
~ R e :  BO3~yx, MeTan,  BOJIOpO)L B c a y a a e  o ~ u o r o  n T o r e  :age r a 3 a - n o c n x e . a  ( a o 3 a y x )  n o c T o a n -  

n a ~  cRopec'H~ yBezh-~HEaeTc~, (CJ~rI pa3Mep rJa~ecxn yMenr~maeTcm 
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