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The thermal decomposition of MgNH4PO4 " H~O, MnNH4PO 4 �9 H~O, CoNHaPO 4 �9 
�9 H20 and CdNH~PO 4 �9 H~O were investigated under conventional and under quasi- 

isothermal--quasi-isobaric conditions. The experiments were carried out with a 
Derivatograph suitable for performing simultaneous TG and EGA examinations. 
It was found that the thermal decompositions of the four compounds each consist 
of two partial processes: the departure of the water of crystallization, and the sub- 
sequent inseparable escape of the ammonia and constitution water. Depending on 
the experimental conditions, the two processes more or less overlap. The relatively 
best separation of the two processes can be attained by using quasi-isothermal and 
quasi-isobaric conditions. 

In our preceding paper on the decomposition of magnesium ammonium 
phosphate hexahydrate [1 ] it was mentioned that MgNH4PO4 " H20 is formed 
as an intermediate. With regard to the decomposition of this latter compound 
the following questions arose: 

What partial reactions does this process include? 
In what way are the individual partial reactions influenced by the experimental 

conditions? 
In what way do the overlapping partial reactions change with the experimental 

conditions ? 
In what way do the overlapping partial reactions influence the shape of the 

TG curve? 
For  the sake of comparison examinations were made on not only MgNH4PO~ " 

"H20  obtained in a thermal way, but also MgNH4PO4 �9 H~O prepared by 
precipitation, as well as MnNH4PO4 �9 H20, CdNH4PO4 �9 H20 and CoNH~PO4 ' 
�9 H20, the thermal decompositions of which were investigated earlier [3]. In the 

present paper the results of these investigations are reported. 

Experimental 

The method, the equipment and the experimental conditions applied were 
described in detail in the preceding paper [1 ]. 

The thermal preparation of MgNH~P04 " H~O was performed by using the 
quasi-isothermal heating programme and the labyrinth sample holder, in which 
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M g N H ~ P Q  �9 6H20 was heated up to 150 ~ The heating was then interrupted 
by the furnace being moved rapidly down, whereupon the reaction process stop- 
ped suddenly. Our earlier investigations showed (see curve 1 in Fig. 3 in [1 ]) that 
under these conditions the MgNH4PO~ " 6H20 yielded MgNH4PO~ �9 HzO, the 
weight of which remained quite stable between 90 and 230 ~ It was also shown 
that the compound lost ca. 5 ~ of its ammonia content during the heating pro- 
cess. This ammonia loss was taken into consideration in the evaluation of the 
results. 

The precipitation of MgNH~PO~ �9 H~O was carried out according to Winkler 
[2], with the difference that the solution was kept at the boiling point [3] during 
the process, instead of  at 70 ~ . The other three compounds investigated, 
MnNH~PO4"H~O,  C d N H 4 P Q ' H 2 0  and CoNH4PO~ "H20 ,  were prepared 
in the same way. 

Figs 1, 4, 6. 8 and 10 show the T G  curves of the above compounds, obtained 
partly under quasi-isothermal conditions (curves 1 - 4 ) ,  and partly with the con- 
ventional dynamic heating rate of 10~ (curves 5 - 8 ) .  The experiments were 
carried out with four different kinds of  sample holders: the labyrinth sample 
holder (curves 1 and 5), the conventional crucible of the Derivatograph with 
lid (curves 2 and 6), the same crucible without lid (curves 3 and 7) and the poly- 
plate sample holder (curves 4 and 8). 

The NHa curve recorded beside the T G  curve in Fig. 2 shows how in the given 
case the amount  of  ammonia  determined by thermo-gas-titration (TGT) changes 
as a function of temperature. All the other curves were obtained by calculation 
based upon the NH3 curve, assuming that, simultaneously with the departure of  
ammonia,  water of  crystallization (H20(cr)) and water of  constitution (H20(co)) 
are also released. With the help of  this Figure we wish to demonstrate that by 
calculation a curve can be found which is the most congruent with the TG curve. 
Of  the many possibilities, only that complex process consisting of several partial 
reactions can be regarded as probable, the curve of  which is congruent with the 
T G  curve. Thus, for example, we could hardly obtain a curve which could be 
brought into accordance with the specially shaped T G  curve of C o N H ~ P Q  ' H20 
(curve 1 in Fig. 11) if the water of crystallization, water of constitution and ammo- 
nia escaped in different amounts or in a different way from that shown by curve 
NH3 7- 0.1 H20(cr) ) + 0.5 HzO, co~ in Fig. 11. 

In Figs 3, 5, 7, 9 and 11 the TG curves numbered 1, 4, 5 and 8 are shown along 
with the curve NH3 ~- n H20.~co -~ 0.5 H20(co) calculated on the basis of the 
amount of  ammonia determined by thermo-gas-titrimetry (TGT), and the n H.,O(cr) 
curve constructed by difference calculation from the T G  and T G T  curves. 

In the TG curves of  Figs 4 and 5 a weight loss of  about 1.5 ~o can be observed 
in the vicinity of  100 ~ which indicates that the compound also contained 
MgNHIPO4 " n + 1 HzO as a slight contamination. 
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Results and discussion 

First of all it can be established that the thermal decompositions of each of 
the five compounds are of the same character. In the decomposition processes of 
these compounds two main periods could be distinguished (Figs 1, 4, 6, 8 and 10). 
In every case investigated the first period of the decomposition, in contrasl to 
the second one, took place without significant changes in the temperature, about 
5 0 - 8 0  % of the volatile components being lost. The decomposition always began 
with the departure of the water of crystallization. 
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Fig. l. TG curves o f  M.qNH~PO 4 " H20 prepared by heating recorded with quasi-isothermal 
(1--4) and dynamic (5--8) heating, using labyrinth (1 and 5), covered crucible (2 and 6), 

uncovered crucible (3 and 7) and polyplate (4 and 8) sample holders 

The second period of the decomposition took place in a broad temperature 
interval extending over several hundred degrees. For this period the departure of 
ammonia and water of constitution is characteristic. 

It was observed that the first period of the decomposition took place in a shorter 
temperature interval if not the dynamic (curves 5 - 8 ) ,  but the quasi-isothermal 
heating (curves 1 - 4 )  programme was applied. 

The same relationship was found in every case between the transformation 
temperature and the shape of the sample holder, i.e. the composition of the gase- 
ous atmosphere in the vicinity of the sample. The sequences of the transformation 
temperatures, depending on the experimental conditions, are as follows for the 
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Fig. 2. TG and TGT curves o f  MgNH4PO 4 �9 t t20 prepared by heating recorded with quasi- 
isothermal heating and labyrinth sample holder. The t i tration curve of NHz shows the course 
of the release of ammonia.  The calculated NH3 -t- 0.5 H20~r and NH3 -t- n H~O(r + 
-I- 0.5 H20(r curves demonstrate the course of the simultaneous departure of ammonia,  

crystal and consti tution water 
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Fig. 3. TG and TGT curves o f  MgNH4PO 4 �9 1-120 prepared by heating recorded with quasi- 
isothermal (1 and 4) and dynamic (5 and 8) heating, using labyrinth (1 and 5) and poly- 
plate (4 and 8) sample holders. The calculated n H~O~r curves show the course of the release 
of crystal water. The NHz -t- n H~O~cr) -t- 0.5 H20~eo) curves demonstrate  the course of the 

simultaneous departure of  ammonia,  crystal and consti tution water 
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Fig. 4. TG curves of  M qNH~PO~ �9 1420 prepared by precipitation recorded with quasi-iso- 
thermal (1--4) and dynamic (5--8) heating, using labyrinth (l and 5), coverecl crucible 

(2 and 6), uncovered crucible (3 and 7) and polyplate (4 and 8) sample holders 
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Fig. 5. TG and TGT curves o f  MgNH4PO 4 " H~O prepared by precipitation recorded with 
quasi-isothermal (1 and 4) and dynamic (5 and 8) heating, using labyrinth (i and 5) and 
polyplate (4 and 8) sample holders. The calculated n H20~=r) curves show the course of the 
release of crystal water. The NH:~ 4- n H20(r -F 0.5 H20(r curves demonstrate the course 

of the simultaneous departure of  ammonia, crystal and constitution water 
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Fig. 6. T G  curves  o f M n N H 4 P O  4 " H 2 0  recorded with quasi-isothermal ( I - -4)  and dynamic 
(5--8) heating, using labyrinth (1 and 5), covered crucible (2 and 6), uncovered crucible 

(3 and 7) and polyplate (4 and 8) sample holders 
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Fig. 7. T G  a n d  T G T  curves  o f  M n N H 4 P 0 4  " 1120 recorded with quasi-isothermal (1 and 4) 
and dynamic (5 and 8) heating, using labyrinth (1 and 5) and polyplate (4 and 8) sample 
holders. The calculated n H,,O~r curves show the course of the release of crystal water. 
The NHz + n H20~er) q- 0.5 H2Otco ) curves demonstrate the course of the simultaneous 

departure of ammonia, crystal and constitutional water 
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Fig. 8. TG curves  o f  C d N H 4 P O  4 " H~ O recorded with quasi-isothermal (1--4) and dynamic 
(5 - -8 )  heating, using labyrinth (1 and 5), covered crucible (2 and 6), uncovered crucible 

(3 and 7) and polyplate (4 and 8) sample holders 
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Fig. 9. TG and TGT curves o f  CdNHaPO 4 " 1120 recorded with quasi-isothermal (1 and 4) 
and dynamic (5 and 8) heating, using labyrinth (1 and 5) and polyplate (4 and 8) sample 
holders. The calculated n H20(er) curves show the course of the release of crystal water. 
The NH3 + n H20~cr) + 0.5 H20(eo) curves demonstrate the course of  the simultaneous 

departure of ammonia, crystal and constitutional water 
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various curves: 1 > 2 > 3 > 4 and 5 > 6 > 7 > 8. Hence, the transformation 
temperature decreased in accordance with the decrease of the partial pressure 
of the gaseous decomposition products. From this it follows that the dehydrata- 
tion of the monohydrate is a process leading to equilibrium. 

CoNH~PO4"H20 

Co NHz, POz, 

10- 

15- 

20- 

f .."/',{'s 
I q  i 1,, 
I i : I ' ,  

' ' . , : , ; : . , .1 ,  
\ " ~ . . ~ .  

C02 P207 

k 

>. 

s 

-g ~ - - x \ N  ' 

'< \~___ ,60 ,~o ~oo o 
" Tompe,o,u,o, 

~ . .  �9 

\ _  " < \ ~ .  F ' \ ' - ~  i 
" - -  J " ~ _  . '~ i" : - ~ N  I 

zbo 3bo ~ o  sDo 
Temperature, ~ 

Fig. 10. TG curves o f  CoNH4P04 " 1-120 recorded with quasi-isothermal (1--4) and dynamic 
(5--8) heating, using labyrinth (1 and 5), covered crucible (2 and 6), uncovered crucible 

(3 and 7) and polyplate (4 and 8) sample holders 

The conclusion that the decomposition begins with the departure of the water 
of crystallization is supported by the good agreement of the TG and NH3 + 
+ n H20(c,) + 0.5 H20(co) curves (Figs 2, 3, 5, 7, 9 and 11), i.e. by the n H20(cr) 
curve constructed as difference between the above two curves. 

On comparison of these curves it can be observed that the two decomposition 
periods, i.e. the departure of the water of crystallization and the simultaneous 
release of ammonia and water of constitution, can be better separated under 
the conditions of the quasi-isothermal, than under the dynamic heating prog- 
ramme, and a better separation can similarly be attained, by using the labyrinth 
instead of the polyplate sample holder. 

Passing to the interpretation of the second period of the decomposition (Figs 
1, 4, 6, 8, and 10), it can be established that the process resulting in the release 
of ammonia and water of constitution, does not lead to equilibrium. The cause 
of this, as already discussed [1 ], may be either that the different metal pyro- 
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Fig. 11. TG and T G T  curves o f  CoNH~PO a " H,20 recorded with quasi-isothermal (i and 4) 
and dynamic (5 and 8) heating, using labyrinth (l and 5) and polyplate (4 and 8) sample 
holders. The calculated n H20(cr) curves show the course of the release of crystal water. 
The NHa-Jr n H20<ct~-k-0.5 H~O~co) curves demonstrate the course of the simultaneous 

departure of ammonia, crystal and constitutional water 

phosphates,  similarly to MgzP,,OT, are of  a glassy structure and form a phase 
through which the gases can scarcely diffuse, or that this partial reaction is in 
itself a complex  polycondensat ion  process.  

Figs 1, 4, 6, 8 and 10 show that depending on the partial pressure o f  the gase- 
ous products,  the sequence in the course of  the T G  curves, not  only  discontinues 
shortly before the end o f  the decompos i t ion  but, after the intersection o f  the 
curves, takes a reverse turn without  exception.  So far no acceptable explanation 
o f  this extraordinary p h e n o m e n o n  has been found. 

The authors wish to thank Prof. E. Pungor for valuable discussions and Mr. M. Arnold 
for his assistance in performing the experiments. 
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R~SUM~ -- Les auteurs ont 6tudi6 la d6composition thermique de MgNH~PO~ �9 H~O, 
MnNH~POa �9 H~O, CoNH~PO~ �9 H~O et CdNHaPO~ �9 HzO dans les conditions convention- 
nelles ainsi que dans des conditions presque isothermes et presque isobares. Les exp6riences 
ont 6t6 effectu6es ~t l 'aide d 'un "Derivatograph" qui se prate aux 6tudes simultan6es par TG 
et AGE. La d6composition thermique des quatre composgs s'effectue en deux processus 
616mentaires h savoir le d6part de l 'eau de cristallisation auquel succ6de l'61imination de 
l 'ammoniac et de l 'eau de constitution, simultan6e et indissociable. Suivant les conditions 
exp6rimentales, ces deux processus se recouvrent plus ou moins. C'est en op6rant dans des 
conditions presque isotherrnes et presque isobares que l 'on parvient ~t s6parer relativement 
bien les deux processus. 

ZUSAMMENFASSIJNG - -  Die Autoren untersuchten die thermische Zersetzung von MgNH~POa. 
HzO, MnNHaPO~ �9 H~O, CoNH~PO a �9 H~O und CdNH~PO~ �9 H~O unter konventionel- 

len und quasi isothermischen--quasi-isobaren Bedingungen. Die Versuche wurden in einem 
zur simultanen Autftihrung yon TG- und EGA-Pr/.ifungen geeigneten Derivatograph-Typ 
durchgeffihrt. Die Autoren fanden, dab die thermische Zersetzung der vigr Verbindungen 
aus zwei Teilvorg~.ngen besteht, undzwar aus dem Abspalten des Kristallisationswassers 
und dem nachfolgenden untrennbaren Entweichen des Ammoniaks und des Konstitutions- 
wassers. Den Versuchsbedingungen entsprechend fiberlappen einander die beiden Vorg~inge 
mehr oder weniger. Die verh/iltnismiiBig beste Trennung der beiden Vorg/inge kann dutch 
quasi isothermische und quasi isobare Bedingungen erzielt werden. 

Pe3~oMe - -  ABTOp~,I nccaeRoBaaa TepMHqecKoe paaaoxeItne MgNHaPO 4 �9 HzO, MnNHaPO 4 �9 
H20, CoNH4PO ~ �9 H20 rt CdNHaPO a �9 H~O npH yCJIOBHbIX • xBa3rt-n30xepMaaecKnx 

~Ba3n-Hao6apHI, ix ycJIOBrlflX. ~)xcrieprlMeHTbI 6btJIH Bt, mOJIHeHI, I C nOMO~kr~IO ~epHBaTorpaqba, 
npHcI~OCO6JIeHHoro ~J~ O~ROBpeMeltHOrO BbIrlOYlHeH~l~l TG rIGA/.tCCJIe~OBaHHi~. ABTOpbI namom, 
�9 ITO TepMH~lecKoe pa3JiogeRrIe 3THX '-IeTbIpex coe2~nrIearI~ COCTO/,IT//I3 ]IByX npo~eccoB, a t, IMeHHO: 
Bbl,ReJ/eI~ie Kp~IcTaJLrltt3al2I, IOHnO~ BO~/,I I,I nocne~yiomee COBMeCTHOe BbIlleJIeHl~Ie aMMnaKa /,I 
BO~bI. CorJIacHo 3KcnepRMeHTaJIbttblX yCnOBRI~ 3T~I JIBa npouecca 60JIee Hna MeHee rteperpT, l- 
BaIOTClff. OTHOCI, ITeJIBHO HanJIyqmee pa3~eJierirle 3T!,IX ~ByX npotleccoB MO)ICeT 6/aITb ]IOCTIIFI-IyTO 
IlcnoJ/b3OBaH/,IeM KBa3H-II3oTepMHtleCKHX I,I KBa31t-H30~apHI, IX ycJIoBt~[. 
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