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The decomposition mechanism of Mg(NO3) 2 . 6H20 was studied by means of simultaneous 
TG, DTG and DTA method combined with EGA technique under conventional and quasi 
isothermal~luasi isobaric conditions. It has been found that Mg(NO3) 2 �9 6H20 melts at 89 ~ in 
a congruent way. The solution formed begins to boil at 147 ~ The water loss process of the salt 
hydrate and the decomposition process of the Mg(NO3)2 always overlap to some extent. 
Accordingly, Mg(NO3) 2 of stoichiometric composition cannot be prepared thermally, because 
the compound always contains some basic salt. The last part of water departs in the vicini;.y of 
270 ~ with extreme rapidity. In contrast to expectations the compound decomposes in pure 
"self-generated" atmosphere at a temperature lower by about 80 ~ than in the presence of air 
which contains a small amount of the gaseous decomposition product. 

There are contradictory opinions about the mechanism of the thermal 
decomposition of Mg(NO3) 2 �9 6H20 in the literature [1-11]. This question is re- 
examined in this paper. 

Simultaneous TG, DTG, DTA and EGA measurements were performed under 
conventional [12, 13] and quasi isothermal~luasi isobaric conditions [12, 14, 15]. 
The purpose of the investigations was to answer the following main questions: Do 
the processes of water departure and of formation of nitrogen oxides overlap? In 
what way do the experimental conditions influence these processes and what is the 
mutual influence of the processes? Can anhydrous Mg(NO3)2 be prepared? 

Experimental 

The measurements were carried out with the latest model of derivatograph [17, 
18] with microprocessor. Figures 1 and 2 are original diagrams. The TG, DTG and 
DTA curves in Fig. 1 were obtained under conventional circumstances. The sample 
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Fig. 1 Simultaneous TG, DTG and DTA curves of Mg(NO3)2" 6HzO obtained under conventional 
circumstances. Original chart traced by means of Derivatograph C 
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Fig. 2 Simultaneous Q-TG, Q~DTG and Q-DTA curves of Mg(NO3)2" 6H20 obtained under quasi 
isothermal~luasi isobaric conditions. Original chart traced by means of Derivatograph C 

ofcca 100 mg was placed in a platinum crucible and covered with a lid and heated at 
a rate of 5 deg min- 1 in the presence of oxygen. Curves in Fig. 2 were obtained 
under the same conditions but by using the quasi isothermal heating technique [12, 
14-16] (transformation rate: 0.5 mg min-1). 

The thermogravimetric curves in Figs 3 and 4 are the results obtained with four 
different types of sample holders (labyrinth, covered, uncovered crucibles and 
multiplate sample holder) [12, 15]. Otherwise the experimental conditions were 
identical with those described in the case of Figs 1 and 2. 
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Curves 5 and 6 in Fig. 4 are the results of special examinations carried out by 
applying the quasi isothermal heating technique. In the case of curve 5 the 
examination was started by using the labyrinth crucible. However, the heating was 
interrupted at the point when according to calculations the sample had lost its 
whole water content. By lifting the furnace the sample was rapidly cooled down to 
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Fig. 3 TG curves of Mg(NO3)2-6H20 obtained under conventional circumstances using the 
labyrinth (1), covered (2), uncovered (3) crucibles and multi plate sample holder (4) resp. 
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Fig. 4 Q-TG curves of Mg(NO3) 2 �9 6H20 obtained under quasi isothermal-quasi isobaric conditions 

using the labyrinth (1 and 5), covered (2), uncovered (3 and 6) crucibles and multi plate sample 
holder resp. In the case o f curves 5 and 6 the heating was interrupted after the dehydration and the 
sample holder was exchanged 
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room temperature, and after the removal of the covering parts of the crucible the 
examination of the material in the open crucible was started again. In the case of 
curve 6 the situation was the reverse. The measurement was started by using the open 
crucible and ended by applying the closed labyrinth crucible. According to Fig. 4 
the first half of curve 5 became similar to curve 1, while its second half to curve 3. In 
the case of curve 6 a reverse situation was observed showing that the mechanism of 
the decomposition changed with the variation of the applied sample holder. It 
changed according to the partial pressure of the sample contacting gaseous 
decomposition product. 

In addition to the TG, DTG and DTA examinations also the so-called 
thermogastitrimetric measurement, which can be classified among the EGA 
methods, was in every case simultaneously performed as well under the 
conventional [12, 13] (TGT) as under the quasi isothermal-quasi isobaric (Q-TGT) 
conditions [12, 15, 16]. Of these curves in Fig. 5 those curves are illustrated (curves 
2, 4, 6 and 8) which are the representatives of the two borderline cases, i.e. the results 
obtained of samples located in the labyrinth crucible and on the multiplate sample 
holder. 

The Q-TG curve obtained by using the labyrinth crucible and the quasi 
isothermal heating technique (curve 1 in Fig. 4) is also demonstrated [15] in the 
phase diagram of the Mg(NOa)2-H20 system [19, 20]. This is curve 1 (points a, b, c, 
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Fig. 5 TG, Q-TG,  TGT and Q-TGT '  curves of  Mg(NO3)B" 6H20 under conventional (2, 4, 6 and 8) 
and quasi isothermal~luasi isobaric conditions using the labyrinth (5-8) and multi plate sample 

holder (I-4)  
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Fig. 6 Phase diagram of Mg(NO3)2 �9 H20 system. Curves 1 and 2 show the changes in the composition 
in function of temperature during the Q-TG examination of Mg(NO3)2 ' 6H20 (1) and of the 
soJudon containing 20% of Mg(NO3) = (2) 

d) in Fig. 6. Curve 2 (points e, f, c, d) in the same figure is a transformed Q - T G  curve 
too. It was obtained by the examination of  a solution containing 20% Mg(NO3) 2 . 
Also in this case, the labyrinth crucible and the quasi isothermal heating technique 
were used. 

Discussion 

From several points of  view, the results illustrated in Figs 1 4  put the mechanism 
of the thermal decomposition of  Mg(NO3)2" 6H20  in new light. 

The most reliable survey over the causal correlation between the mechanism of 
water loss and the course of  the Q - T G  curves is offered by curve 1 in Fig. 6. This 
curve is originally identical with curve 1 of  Fig. 4 but illustrated on the phase 
diagram of  Mg(NO3)2-H20 system. The solid Mg(NO~)2.6H20 placed in the 
labyrinth crucible and heated with the quasi isothermal heating technique melts in a 
congruent way at 89 ~ (point b) (see also DTA peak at 90 ~ in Figs 1 and 2) and a 
saturated homogeneous solution is being formed which becomes unsaturated with 
increasing temperature. The solution begins to boil at 147 ~ (point c). Below this 
temperature the sample does not lose water since the partial pressure of  water vapor 
within the labyrinth crucible reaches the atmospheric pressure only at the boiling 
point and so the water vapor can depart from the crucible only at a pressure higher 
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than atmospheric. Between 147 and 320 ~ (section c-d) the solution keeps boiling 
while it becomes gradually more and more concentrated and the temperature of the 
boiling point.increases continuously. Accordingly, the c-d section of curve 1 can be 
identified by the corresponding section of the boiling point curve of the 
Mg(NO3)2-H20 system [15]. Starting from a solution containing 20% of 
Mg(NO3) 2 (curve 2 in Fig. 6) the c-f  section of the boiling point curve could also be 
determined in the above way. The f-g section of the boiling point curve is 
extrapolated. It is worth to be mentioned that the boiling point curve of the 
Mg(NO3)2-H20 system was sofar unknown. 

In the case of the TG and Q-TG curves resp. obtained by using the covered and 
uncovered crucibles, and the multiplate sample holder (curves 2-4 in Figs 3 and 4) 
the departure of water is a far more complicated process. Namely, in these cases 
there is no unanimous phase change between liquid-vapor leading to eqilibrium, 
since crust formation [5, 15, 21] on the surface of the melt and complicated drying 
processes [15, 21] can also take place. However, in every case, the course of the 
curves changes corresponding to the partial pressure of the water vapor (1-100 kP). 

Figures 1 and 2 also give some further informations. According to the DTA 
curves (Figs 1 and 2) in Mg(NO3)2" 6H20 before its melting (90~ a modification 
change [23] takes place at 71 ~ The course of the curves is remarkable in Fig. 2 in the 
temperature domain between 220 and 350 ~ . Reaching 270 ~ the weight loss process 
transitionally accelerates and on the Q-DTG, and simultaneously also on the 
Q-DTA curve, sharp peaks (275, 273 ~ are formed. Closely thereafter the 
temperature of the sample drops from 276 ~ to 262 ~ (curve 4) in a sudden 
spontaneous way. It seems that these rapid weight, enthalpy, and temperature 
changes indicate a critical point in the mechanism of the decomposition reaction. 
On the basis of both stoichiometric calculations and the results of thermogastitri- 
metric examinations (TGT curve in Fig. 5) it' is very likely that in this temperature 
range the loss of water terminates and the decomposition of the waterfree 
Mg(NO3)2 starts. It seems also to be probable that the sample retains the last traces 
of water with quite large forces, since after the release of the rest of water, the 
temperature, characteristic of the energy content of the sample, drops sponta- 
neously by 14 ~ . 

The interpretation of the maxima of the DTG and DTA curves at 245 ~ and 288 ~ 
respectively, and the maximum at 329 ~ appearing only in the DTA curve should 
have required further thorough investigations. As far as these peaks are concerned 
it can be stated that every maximum is reproducible and appeared even under the 
altered conditions of dynamic heating (Fig. I). 

By thermogravimetric investigations, it was shown that under the conventional 
as well as under quasi isothermal-quasi isobaric heating conditions the release of 
nitrogen oxides started (although very slowly) on the multiplate sample holder at 
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about 200 ~ (curves 3 and 4 in Fig. 5) and in the labyrinth crucible at about 270 ~ 
(curves 7 and 8). However, this process became intensive at 390 ~ in the former and 
at 320 ~ in the latter case. The processes of water release and the following departure 
of nitrogen oxides overlapped in temperature intervals of 200 ~ if the multiplate 
sample holder was used. This interval extended only over 50 ~ if the labyrinth 
crucible was applied. In both cases in this interval only a minute amount of N205 
departed. This observation agrees with earlier opinions [11] according to which 
Mg(NO3) 2 in totally waterfree form cannot be produced in thermal way but a 
product contaminated with a small amount of the basic salt. From the course of 
curves 5 and 7 the conclusion can also be drawn that systems, containing more than 
about 85% Mg(NO3) 2 due to decomposition, cannot be prepared in thermal way, 
because the evolution of nitrogen oxides starts already at about 270 ~ . The system 
above the mentioned concentration is a multicomponent system, and so, the 
domain between points d, h, i and k in the phase diagram (Fig. 6) can not be 
interpreted. It is remarkable that independently of the sample holder type used the 
decomposition of the waterfree Mg(NO3) 2 took place always in isothermal way if 
the quasi isothermal heating technique was applied. 

It may be also of interest to note that in the labyrinth crucible the decomposition 
of the waterfree Mg(NO3) 2 took place at a temperature value lower by about 80 ~ 
than in the other three sample holders (curves 1-4 in Fig. 2) since just the reverse 
phenomenon could have been expected. Namely, the accumulated nitrogen oxides 
in the labyrinth crucible should have shifted the equilibrium of the dissociation in 
the direction of higher temperatures. This apparent contradiction can probably be 
resolved by assuming changes in the reaction mechanism caused by the different 
experimental conditions. It was an early observation [11] that in the course of the 
dehydration of Mg(NO3)2.6H20 by heating, depending on the applied experi- 
mental conditions, more or less basic salt was always formed. In contrast to this, 
other authors [22] showed that if simultaneously waterfree gas of nitric acid is 
introduced into the melt, no basic salt would be formed. Thus, it can be supposed 
that, since in the present case the labyrinth crucible hindered the departure of the 
gaseous decomposition products and it increased its partial pressure, no basic salt 
could be formed and so dissociation took place directly. In contrast to this, in the 
case of the other sample holders, the gasec,us decomposition products could easily 
depart from the neighbourhood of the sample and the decomposition took place 
indirectly under the formation of basic salt as an intermediate. This change in the 
reaction mechanism is expressed also in the shift of the decomposition temperature. 
The fact that in the present case the reaction mechanism--and along with this the 
behaviour of the reaction with changing temperature-~epend indeed on the 
partial pressure of the gaseous decomposition products is convincingly proved by 
curves 5 and 6 in Fig. 4. These curves were obtained so that the dissociation reaction 
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of the waterfree Mg(NO3)2 was quenched and by opening or closing the crucible the 
measurements were continued. The result of this procedure was that the course of 
the curves continued in such a way as if the examination had been started by using 
the sample holder later applied. Thus, there is a strict causal correlation between the 
shape of the sample holder and the mechanism of the reaction. 

The authors wish to thank Prof. E. Pungor for valuable discussions. 

References 

1 W. W. Wendlandt, Texas, J. Sei., 10 (1958) 
392. 

2 R. Funk, Z. Anorg. Chem., 20 (1899) 393. 
3 J. Mu and D. D. Perlmutter, Thermochim. 

Acta, 56 (1982) 253. 
4 E. L. Simmous and W. W. Wendlandt, Ther- 

mochim. Acta, 3 (1972) 498. 
5 E. L. Charsley and D. E. Tolhust, al. Proc 4 

ICTA Conf. Budapest, 1974, ed. I. Buzfis, 
Akad6miai Kiad6, Budapest 1975, p. 75. 

6 S. Cantor, Thermochim. Acta, 33 (1979) 69. 
7 M. L. Aspinal, H. J. Madoc-Jones, E. L. 

Charsley and J. P. Redfern, al. Proc. 3 ICTA 
Conf. Davos, ed. H. Wiedemann, Birkh~iuser, 
Basel-Stuttgart 1972, p. 303. 

8 J. Heubel, Bull. Soc. Chim. France, (1962) 
162. 

9 C. C. Addison and M, Logan, Anhydrous 
Metal Nitrates in Advances in Inorganic 
Chemistry and Radio Chemistry ed. H. J. 
Emeleus and A. G. Sharpe, Academic Press. 
New York 6 1964, p. 72. 

10 S. D. Shargorodskii and O. I. Short, Ukrain. 
Khim. Zhur., 20 (1954) 357. 

11 Gmelins Handbuch der Anorganischen 
Chemic, Mag:aesium 27. Tell, B. Veriag 
Chemic, Berlin 1939. 

12 J. Paulik and F. Paulik, Simultaneous Ther- 
moanalytical examinations by means of the 
Derivatograph. Elsevier, Amsterdam-Oxford- 
-New York, 1981--In Wilson-Wilson's 

Comprehensive Analytical Chemistry, ed. G. 
Svehla, Vol. Xll, Adv. ed. W. W. Wendlandt. 

13 J. Paulik and F. Paulik, Thermochim. Acta, 3 
(1971) 13; 3 (1971) 17. 

14 F. Paulik and J. Paulik, J. Thermal Anal., 5 

(1973) 253. 
15 F. Paulik and J. Paulik, Thermochim Acta, 

100 (1986) 23. 
16 F. Paulik and J. Paulik, J. Thermal Anal., 8 

(1975) 557. 
17 J. Paulik, F. Paulik and M. Arnold, Ther- 

mochim. Acta, 107 (1986) 385. 
lg J. Paulik, F. Paulik and M. Arnold, J. Thermal 

Anal., 32 (1987) 301. 
19 A. Sieverts and W. Petzold, Z. Anorg. Chem., 

205 (1932) 122; 212 (1933) 239. 
20 W. W. Ewing, J. D. Brandner, C. B. Slichter 

and W. K. Griesinger, J. Am. Soc., 55 (1933) 

4824. 
21 F. Paulik, J. Paulik and M. Arnold, In 

Thermal Analysis, B. Miller ad. Proc. 7th 
ICTA Conf., Kingston Ont. Vol. 1 (1982), 214, 
Wiley, Chichester. 

22 A. Sieverts and W. Petzold, Z. Anorg. Chem., 
205 (1932) 119. 

23 R. Naumann, H.-H. Emons, K. K6hnke, ]. 
Paulik and F. Paulik, Part II of this publica- 
tion in J. Thermal Anal. 

J. Thermal Anal. 34, 1988 



PAULIK et al.: INVESTIGATION ON THE THERMAL 635 

Zusammenfasmng - -  Mittels simultaner TG-, DTG- und DTA-Methoden kombiniert mit EGA- 

Techniken unter herk6mmliehen und quasi-isothermen bzw. quasi-isobaren Bedingungen wurde der 

Zersetzungsmechanismus von Mg(NOa)2- 6H20 untersucht. Den Autoren nach schmilzt 

Mg(NO3) 2 . 6H20 stets bei 89 ~ Die entstehende L6sung f'~ingt bei 147 ?C an zu kochen. Die Prozesse 

von Wasserverlust der hydrierten Salze und Zersetzung von Mg(NOa)2 iiberschneiden sich in gewissem 

Malae. Demzufolge kann Mg(NOa) 2 st6chiometrischer Zusammensetzung nicht thermisch hergestellt 

werden, da die Verbindung immer Ausgangssalz enth/ilt. Der letzte Wasseranteil wird bei etwa 270 ~ 

schnell abgegeben. Entgegen der Erwartungen zersetzt sich die Verbindung in reiner ,,selbstgenerierter" 

Atmosph/ire schon bei einer Temperatur, die etwa 80 ~ unter der Zersetzungstemperatur an Luft mit 
geringen Anteilen der gasf6rmigen Zersetzungsprodukte liegt. 

PeamMe - -  COBMemeHHbIM MeTO~OM TF, ~ T F  n ~ T A  B rOM6nHaarm c ABF nayqeH MexaHHaM 

TepMrlqecroro paa~oxenna regcarn~paTa nriTpaTa Marrlrla a O6UqHbIX Vl raaan-rlaoTepMnqecrax, 

KBaan-Hao6apablX yC;1OBII~tX. YCTaHOB.rleHO, qTO coe~nHeaHe n~aaHTCa KOHFpyaHTHO npH TeM- 

nepaType 89 ~ a Knnenae naqnHaeTca npH 147 ~ l-Ipouecch~ noTepn aoabi n paaaoxeHHa aaCTnqao 

neperpblaa~oTca. B caaan c aTHM, HnTpaT Marnna cTexaoMeTpnqecKoro COCTaaa He MOXeT 6bITb 

no~yqeH TepMnaecrnM nyTeM, nocroabry npa aTOM aceraa coaepxnTCa OCaOaaaa COab. OcTaamaaca 

qaCTb BO)IbI qpeaBuqafiaO 6UCTpO abi~eJIaeTCa npn TeMnepazype o r o ,  o 270 ~ Bonpern oxn~aeMoMy, 

coe~nnenne a aUCTO~ <<caMorenepnpyeMo~, aTMocqbepe paaJlaraeTca iipn TeMnepaTybe Ha 80 ~ anxe,  

qeM B aTMocqbepe Bo3~yxa, co~epxameM He6oabmoe rO21HqeCTBO ra3oo6paaHoro npo2IyKTa 
pa3~lozgeHl, I~l. 
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