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The decomposition mechanism of Mg(NO,), - 6H,0 was studied by means of simultaneous
TG, DTG and DTA method combined with EGA technique under conventional and quasi
isothermal—-quasi isobaric conditions. It has been found that Mg(NO,), - 6H,0 melts at 89 °Cin
a congruent way. The solution formed begins to boil at 147 °C. The water loss process of the salt
hydrate and the decomposition process of the Mg(NO,), always overlap to some extent.
Accordingiy, Mg(NO3), of stoichiometric composition cannot be prepared thermally, because
the compound always contains some basic salt. The last part of water departs in the viciniiy of
270 °C with extreme rapidity. In contrast to expectations the compound decomposes in pure
“self-generated” atmosphere at a temperature lower by about 80 °C 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(NO,),-6H,0 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—quasi 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(NOy), 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(NO,), - 6H,0 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(NO;), - 6H,0 obtained under quasi
isothermal—quasi isobaric conditions. Original chart traced by means of Dérivatograph C

of cca 100 mg was placed in a platinum crucible and covered with a lid and heated at
a rate of 5 deg min "' 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 ™).

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(NO;),-6H,0 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(NO;), - 6H,0 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 of 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 haif 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]1 (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(INO;),—H,O 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(NQ;), - 6H,0 under conventional (2, 4, 6 and 8)
and quasi isothérmal—quasi isobaric conditions using the labyrinth (5-8) and multi plate sample
holder (1-4)
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Fig. 6 Phase diagram of Mg(NO;), - H,O system. Curves 1 and 2 show the changes in the composition
in function of temperature during the Q-TG examination of Mg(NO,),  6H,0 (1) and of the
solution containing 20% of Mg(NO,); (2)

d)in Fig. 6. Curve 2 (points e, f, ¢, d) in the same figure is a transformed Q-TG curve
too. It was obtained by the examination of a solution containing 20% Mg(NO,),.
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 1-6 put the mechanism
of the thermal decomposition of Mg(NO;), - 6H,0 in new light.

The most reliable survey over the causal correlation between the mechanism of
water loss and the course of the Q-TG curves is offered by curve 1 in Fig. 6. This
curve is originally identicai with curve 1 of Fig. 4 but illustrated on the phase
diagram of Mg(NO,),~-H,0 system. The solid Mg(NQ,), 6H,0 placed in the
labyrinth crucible and heated with the quasi isothermal heating technique meltsina
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 ¢). 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 ¢-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(NO,),~H,0 system [15]. Starting from a solution containing 20% of
Mg(NO,), (curve 2 in Fig. 6) the c—f'section of the boiling point curve could aiso 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(NO,),—H,0 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 24 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(NO,), - 6H,0 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(NO,), starts. It seems also to be probable that the sample retains the Jast 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. 1).

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 N,Q,
departed. This observation agrees with earlier opinions [11] according to which
Mg(NQO,), 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(NO;), 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 4, A, i and & in the phase diagram (Fig. 6) can not be
interpreted. It is remarkable that independently of the sample hoider type used the
decomposition of the waterfree Mg(NO,), 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(NO;), 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(NO;),-6H,O 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 gaseous 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—depend 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(NQ,), 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.
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Zusammenfassung — Mittels simultaner TG-, DTG~ und DTA-Methoden kombiniert mit EGA-
Techniken unter herkdmmlichen und quasi-isothermen bzw. quasi-isobaren Bedingungen wurde der
Zersetzungsmechanismus  von Mg(NO,),-6H,O untersucht. Den Autoren nach schmilzt
Mg(NO;), - 6H,0 stets bei 89 °C. Die entstehende Losung fangt bei 147 °C an zu kochen. Die Prozesse
von Wasserverlust der hydrierten Salze und Zersetzung von Mg(NO,), iiberschneiden sich in gewissem
MaBe. Demzufolge kann Mg(NO,), stéchiometrischer Zusammensetzung nicht thermisch hergestellt
werden, da die Verbindung immer Ausgangssalz enthélt. Der letzte Wasseranteil wird bei etwa 270 °C
schnell abgegeben. Entgegen der Erwartungen zersetzt sich die Verbindung in reiner ,,selbstgenerierter*
Atmosphire schon bei einer Temperatur, dic etwa 80 °C unter der Zersetzungstemperatur an Luft mit
geringen Anteilen der gasférmigen Zersetzungsprodukte liegt.

Pesiome — CoBmemennbiM MetogoMm TIN, ITT u ATA B xomGunanun ¢ ABI" u3yueH MexaHuam
TEPMHYECKOTO PA3JIOKEHUA TeKCarHOpaTa HATPAaTa MarHus B OOBIYHBIX ¥ KBa3H-H3OTEPMHYECKHX,
KBa3#-H300apHBIX YCIOBHAX. YCTaHOBJIEHO, YTO COEAMHEHHE IUIABHTCS KOHTPYIHTHO MpPH TeM-
nepatype 89°, a xunenne HauuHaeTcs npu 147°. Ipolecchl NOTEPH BOAbL U PA3JIOKEHHA YACTHIHO
NEePEKPLIBAIOTCH. B CBA3M C 3TMM, HATPAT Marius CTEXHOMETPHYECKOIO COCTABA HE MOXET OBITh
HIONy4eH TEPMHYECKHM MYyTEeM, TOCKOJILKY IPH 3TOM BCETAa COAEPKUTCH OCHOBHaA coiib. OcTaBluascs
4acTh BO/BI YPE3BpI4aHHO OBICTPO BHIICIACTCS IPH TEMHIEpaType oxoso 270°. Bonpekn oxugaeMomy,
COeMHEHHe B YHCTOH «CaMOTCHEPAPYEMOi» ATMOChepe pasnaraeTcs Npu TeMiepaTyse Ha 80° HuXe,
yeM B aTmocepe Bo3ayxa, colepXallleM HEeGONbINOE KOIHYECTBO Fa3000pa3Horo mpoaykra
pa3snoXeHHA.
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