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The influence of the air humidity upon the thermal decomposition of d iammonium 
hydrogen phosphate  was studied in a fluidized bed, under  isothermal conditions. 
It  was found that  the increase of the decomposit ion rate is influenced directly by 
the partial  pressure of the water vapour  in the air, and indirectly by the working 
temperature. The moisture effect is explained by the salt hydrolysis ill the water 
condensed on the grain surface. The energy of activation of the thermal  decomposit ion 
decreases when the air humidity increases. 

Many papers have been published on the thermal decomposition of (NH4)2HPO4, 
either the pure salt or fertilizers containing it [1 -7 ] .  

Owing to the fact that an important ammonia loss occurs during the drying 
process in (NH~)2HPO 4 production, a more detailed study of this problem was 
necessary. 

The ammonia loss in the drying process of (NH4)2HPO ~ increases with the mois- 
ture content of the salt, and with the drying temperature, as proved recently by 
Kudrashova and co-workers [8]. These authors suggested 5 0 - 6 0  ~ as drying tem- 
perature, the obtained salt having a moisture content of 2 wt %. 

We earlier studied [9, 10] the thermal decomposition of (NH4)2HPO,t under 
isothermal and non-isothermal conditions, using dried air for fluidization, and we 
have extended our investigations by using air with different humidities. 

Experimental 

The apparatus used previously [9] was completed with a device for the satura- 
tion of the air with water vapour so that an air flow with different partial pres- 
sures of  water vapour (Primo = 1.9 ; 6.1 ; 8.5; 14.7; 17.7; 23.2 and 31.2 torr) could 
be obtained. 

For comparison, the thermal decomposition was also run with dried air. The 
air was dried with anhydrous CaC12 and P20~. All our experiments were run with 
0.061 g of (NH4)~HPO~ (p.a. Merck) of 0 .15-0 .20  mm size. The thermal decom- 
position of the salt was studied at 69, 78, 89 and 98.3 ~ . Temperatures were chosen 
at which the decomposition proceeded relatively slowly even in dry air, that 
is, the kinetics of the decomposition were easy to determine. 
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As it was outlined earlier [9], at a flow rate of 8 1/h the fluidized bed was found 
to operate properly. In Tables 1 and 2 it is seen that with the increase of  the flow 
rate above the limiting value of fluidization (in this case from 8 1]h to 12 l/h) 
the thermal decomposition of the (NH4)zHPO ~ proceeds in a different way. 

Table 1 

Decomposition rates for different partial pressures of water vapour at a flow rate of 12 l/h 
and at different decomposition degrees 

PH~O torr 0.0 14.7 17.7 23.2 31.2 

Tempera- 
ture, ~ 78 89 98.3 89 78 98.3 78 89 98,3 89 98.3 89 98.3 

Degree of 
deeompo- Decomposition rate, 102 An/At 

sition, a% 

4.3 

21.3 

42.5 

63.8 

0.29 
0.91 

0.23 0.55 

0.58 
0.98 

1.57 

0.44 0.90 

1.38 0.421 
0.83 

1.21 
0.37 

0.68 
1.04 

1.64 

1.48 

1.31 

1.12 

0.70 1.21 

0 54 
1.14 

0.52 
1.02 I 

0.45 0.81 

1.83 

1.63 

1.51 

1.16 

1.33 2.50 1.46 

1.25 1.30 

1.10 1.79 1.17 

1.56 

0.88 1.23 0.97 

2.74 

1.93 

1.63 

1.31 

Results and discussion 

The degree of  decomposition (e) was calculated on the basis of  the quantity 
of  NH3 evolved during the thermal decomposition. When ~ was plotted versus 
time, the decomposition curves for different air humidities and different tem- 
peratures were obtained (for a flow rate of  8 l/h); these are given in Fig. l a - c .  

By means of these curves, the rate of decomposition AT/At was calculated for 
different decomposition degrees (Table 2). Subsequently, Ae/At was plotted 
against PH~O for different temperatures and at different values of ~ (Fig. 2 a - c ) .  

Mathematically, the process can be described for a flow rate of 81/h by the 
following equation: 1 - ( 1  -c~)  l/a--- kt, where ~ is the decomposition degree 
and t is the time. 1 - (1 - e)~/3 was plotted against time, and from the slopes of  
the lines the rate constant k was calculated. Subsequently, the Arrhenius law 
k =A. exp(-E/RT) was taken into account and the log k vs. lIT plot was pre- 
pared; f rom the slopes of the lines the activation energy was calculated. The ex- 
perimental data obtained for various temperatures and different PHo values are 
given in Table 3. By using the least squares method, the confidence limits for the 
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activation energy were calculated. It was ascertained that the activation energy 
decreases when the humidity of  the air increases. 

N o  kinetic equation was found suitable for the description of  the thermal de- 
composit ion process of  (NH~)2HPO ~ when a flow rate of  air of  12 1/h was used. 

From experimental data, the following conclusions were drawn for a flow rate 
o f  8 l/h : 
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F i g .  1. Ef fec t  o f  the partial  pressure of  water v a p o u r  o n  the thermal  d e c o m p o s i t i o n ;  air 
f low r a t e  8 l /h .  a) 69+; b)  78~  c) 89 ~ . C u r v e  1 : 0 . 0  t o r r ;  2 : 1 . 9  t o r r ;  3 : 6 . 1  t o r r ;  4 : 8 . 5  t o r r ;  

5 : 1 4 . 7  t o r t ;  6 : 1 7 . 7  t o r r  
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1. The  m a x i m u m  d e c o m p o s i t i o n  ra te  is a l r e ady  ach ieved  at  the  beg inn ing  o f  

the  t h e r m a l  d e c o m p o s i t i o n  r eac t ion .  

2. W h e n  d r i ed  air  is used,  the  va lues  o f  A~/At (Tab le  2 a n d  Fig.  2 a - c )  a re  

a lways  the  lowest .  T h e  d e c o m p o s i t i o n  ra te  increases  wi th  inc reas ing  air  h u m i d -  

ity. 
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Fig. 2. Effect of  the partial pressure of water vapour on the decomposition rate. a) 69~ 
b) 78~ c) 89 ~ . Curve I : :~ -~ 4.3%; 2: :~ = 21.3%; 3: ~ = 42.5%; 4: ~ = 63.8%; 5: ~ = 85% 

The values of the ordinates are 103 X d~/dt. 
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Table 3 

Rate constants and activation energies for different partial pressures of water vapour at a 
flow rate of 8 1/h 

Par t ia l  pressure o f  water vapour ,  PIt20 to r r  

Tempera tu re  
~  o o 19 I 61 r 8 ,  i 4 7  177 

104 k (min -1)  

69 
78 
89 

Eact. kcal/mol 

3.96 
8.76 

20.30 
20.2 _ 0.1 

5.62 
11.00 
21.80 

16.8 -I- 0.2 

7.81 
13.10 
23.00 

8.50 
14.80 
24.30 

8.82 
16.10 
32.60 

15.8 + 0.1 

9.89 
18.10 
34.00 

15.3 + 0.1 

(NH4)2HPO~ agglomerated at lower temperatures (78 ~ at above 17.7 torr  PHO 
in the air, and no kinetic study was possible beyond this limit. 

3. A given PH20 has different effects upon  the value o f  Ae]At at different tem- 
peratures. At  lower temperatures,  the increase o f  P H o  causes a more significant 
increase o f  the decomposi t ion rate. Table 4 gives the average values o f  the ratio 
obtained by dividing the time in the case o f  dried air by the time at PH~O = 14.7 
torr,  for identical values of  c~. For  example, at 69 ~ this coefficient is 2.03, while 
at 98.3 ~ it is only 1.05. 

Table 4 

Average of the ratios time of decomposition in dry air/time of decomposition in moist air, 
at different partiat pressures of water vapour 

Tempera tu re  t ime of decomp, at  PH20 = 0.0 torr  t ime of  decomp, at PH~O = 0.0 to r r  

~ t ime of  deeomp, at  PH20 = 14.7 to r t  t ime of  decomp, at  PH20 = 17.7 to r r  

69.0 
78.0 
89.0 
98.3 

2.03 
1.88 
1.57 
1.05 

2.26 
1.99 
1.67 
1.14 

4. The air humidi ty  influences the entire thermal decomposi t ion reaction uni- 
formly. This is reflected by the constant  values of  the ratio time(dried air)/time(moist air) 
for  different e values. The values of  this ratio are given in Table 5. 

1. A~/At has higher values than for 8 i/h, under  otherwise identical conditions 

(temperature and PH20)" 
2. The decomposi t ion rate increases with the increase of  Primo, but  this increase 

is not  linear. The influence o f  PH20 is more significant between 14.7 and 23.2 torr  

than up to 14.7 torr. 
3. At  this flow rate the particles begin to crumble. Due  to this factor  (the change 

of  particle size vs. time), no known kinetic equation was found suitable for the 
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Table 5 

The values of the ratios time of decomposition in dry air/time of decomposition in moist air, 
at different degrees of decomposition and different temperatures 

Degree of  thermal  
decomposition, cL 

4.2 
8.5 

17.0 
21.3 
25.0 
42.5 
47.0 
59.5 
63.8 
68.0 
81.0 

t ime o f  decomposit ion at PH~O ~ 0.0 tor t  

t ime of decomposit ion at  PH20 ~ 14.7 tor r  

78~ 69~ 

1.71 
2.09 
2.07 
2.05 
1.99 
1.97 
2.02 
2.02 
2.01 
1.99 
2.10 

1.64 
1.80 
1.79 
1.79 
1.82 
1.79 
1.92 
1.93 
1.68 
1.88 
1.84 

89~ 

1.55 
1.53 
1.57 
1.59 
1.58 
1.59 
1.59 
1.56 
1.58 
1.58 
1.54 

description of the thermal decomposition of (NH4)2HPOa when a flow rate of air 
of  12 1/h was used. 

In connection with the influence of  the humidity upon the thermal decomposition 
of  (NH4)2HPOa in the solid state, the following mechanism is possible: The water 
vapour is condensed on the grain surface. For a known size of sample, the amount 
of  water condensed is proportional to PHO and inversely proportional to the 
temperature. The condensation of water on the grain surface was proved by water 
determination of the air in front of and behind the fluidized bed, using the Karl- 
Fischer method. The water content in the air was found to decrease on passing 
through the fluidized bed. The hydrolysis of (NH~)2HPO~ took place in the water 
film condensed on the grain surface. 

(NH4)2HPO4 + H20 , -~  NH~H2PO ~ + [NH~OH] ; [NH~OH] ~ NH3 + H20 

Thus, the water promotes the thermal decomposition by weakening the chemica 1 
bonds within the ammonium ions resulting on the reaction surface in the hydro- 
lysis. As the amount of condensed water increases, the thermal decomposition 
becomes faster, the equilibrium being shifted more and more to the right. The 
constant values of the ratio : time(driod ~i~)/time(r~oi~t air) (Table 5) proved that the 
thickness of the water film remained unchanged, though the interface moved into 
the depth of the grain. Hence the water resulting from the decomposition of ammo- 
nium hydroxide is retained on the reaction interface, the quantity of the water 
being proportionally reduced only as a result of the diminishing of the area of  
the  reaction interface. Owing to this fact, the maximum rate of the thermal de- 
composition is achieved at the beginning when the reaction area has a maximum 
value. 
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As the area decreases, the decomposition rate also decreases so that the kinetic 
equation elaborated on the basis of the contracting sphere model : 1 - (1 - a)l/a = 
= k t ,  remains valid throughout this process. Its validity is not affected by whether 
the air is dry or moist, and consequently, the kinetically essential step of the pro- 
cess consists in the weakening of the bonds within the ammonium ion, a phenom- 
enon which is favoured by the presence of condensed water. At higher tempera- 
tures, however, the amount  of water in the condensed state on the interface is 
reduced, so that the effect of the air humidity is reduced as well. This is the ex- 
planation for the fact that the influence of the air humidity is almost com- 
pletely reduced (Table 4) even at PH~o = 14.7 torr when temperature is as high 
as 98.3 ~ . 
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RI~SUMI~ -- On a 6tudi6 l 'influence de l 'humidit6 atmosph6rique sur la d6composition ther- 
mique de (NH~)2HPOa en lit fluidis6, en conditions isothermes. La pression partielle de la 
vapeur d 'eau dans Fair intervient directement sur l 'augmentat ion de la vitesse de ddcom- 
position et exerce une action indirecte sur la temp6rature de travail. On a expliqu6 l'effet 
de l 'humidit6 par  l 'hydrolyse du sel dans l 'eau condensde /~ la surface des grains. La valeur 
de l'6nergie d 'act ivat ion de la d6composition thermique diminue quand l 'humidit6 atmo- 
sph6rique augmente. 

ZUSAMMENFASSUNG - -  Der Einflul3 der Luftfeuchtigkeit auf  die thermische Zersetzung 
des Diammoniumhydrogenphospha ts  wurde in fluidisiertem Bett unter isothermen Ver- 
hfiltnissen studiert. Die Zunahme der Zersetzungsgeschwindigkeit war direkt proport ional  
dem partialen Wasserdampfdruck in der Luft und indirekt proport ional  der Arbeitstempera- 
tur. Diese Wirkung wird durch Salzhydrolyse in dem kondensierten Wasser an der Kern- 
oberfl~tche erkl~irt. Die Aktivierungsenergie der thermischen Zersetzung nimmt mit zuneh- 
mendem Feuchtigkeitsgehalt  ab. 

P e 3 ~ o M e -  Flccne~ioBaHO BJmarlne BJIa)KHOCTrI BO31Iyxa Ha TepMopacna,~I rH/lpoqbocqbaTa 
aMMOHHI{ B KI,InItu~eM cyloe npI I  It3oTepMI,iqecK~IX yCJIOBH~X. O6Hapyx<eHo, tlTO ilap~s~IaJtb~oe 
ZtaBJIeHrle BO~IbI, Haxo~ame~cn • Bo3JIyxe, I~enocpezlcTBeHHO Bnrlner Ha yBeJInHenne cxopocTH 
pacna~Ia, ~Jm~Inne ;~e reMneparypI, I nprI 3KClIeprlMeHTe 6oJlee nocpe~c~cBeHrlO. 9qbqbercT yBJIax- 
r~eHH~ O6"~gCHeH FH~IpO~IIt3OM COJII, I B Bode, KoH~eHCHpOBaHHOfI Ha noBepxHOCTH 3epHa. 

or. Thermal Anal. 4, 1972 


