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ABSTRACT 

The thermal decomposition of ammonium chloride and sulphate in molten alkali metal 
nitrite eutectics cannot be represented by a simple stoichiometry. Nitrous oxide and 
nitric oxide are produced as well as nitrogen and water. 

Thermogravimetry is complicated by loss of solid material when the extremely rapid 
reaction commences at temperatures just below the melting points of the nitrite eutectics 
and by volatilisation of unreacted ammonium compounds, largely chloride and nitrite/ 
nitrate from reactant solutions of ammonium chloride and ammonium sulphate, respec- 
tively. 

INTRODUCTION 

The thermal decomposition of ammonium nitrite to water and nitrogen 
is generally known, as is the usefulness of preparing small quantities of nitro- 
gen by heating an aqueous solution saturated with sodium nitrite and am- 
monium sulphate. Thus the reaction of ammonium salts dissolved in alkali 
metal nitrite melts was studied as a corollary to the report [l] that ammo- 
nium salts dissolved in alkali metal nitrate melts decomposed thermally to 
water and nitric oxide, as does ammonium nitrate itself. 

EXPERPMENTAL 

The nitrite eutectics were prepared as previously described [Z]. Ammo- 
nium chloride and ammonium sulphate (B.D.H. Analar) were dried at 100” 
for 12 h. 

Reactions were carried out in B24 tubes heated in an electric resistance 
furnace linked to a Transitrol controller. Infrared spectra of gaseous 
products were obtained using a 10 cm cell with KBr windows on a Unicam 
SP200. Mass spectroscopy was carried out on an AEI-MS12 spectrometer. 
Thermogravimetric analyses were performed on a Stanton TR-1 thermo- 
balance with a heating rate of 2” min-* in a 10 ml silica crucible covered 
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TABLE 1 

Thermogravimetric weight Iosses of ammonium chloride and sulphate in motten nitrite 
eutectics 

Run 
no. 

Nitrite melt 

Eutectic Weight 

(g) 

Solute 

Salt Weight 

(g) 

hlolality 

(m) 

Weight 
lOS.5 

(5,) 

1 NaN02/KNOz 2.93 
2 NaNOz/KNOz 5.00 
3 NaN02/KN02 4.95 
1 NaN02/KNO= 4.88 
5 NaNOz/KN02 5.08 
6 LiNOz/KNOz 3.27 
7 LiN02/KN02 2.66 
8 NaNOz/KNOz 2.92 
9 NaNOz/KNOz 3.00 

10 LiNOz/KNOz 3.13 

NH4CI 0.023 0.15 100 
NH4CI 0.026 0.10 113 
NH4Cl 0.042 0.16 109 
NH4Cl 0.052 0.20 106 
lNH4CI 0.065 0.31 119 
NH4CI 0.123 0.70 105 

NH4Cl 0.169 1.19 120 
NH&SO;, 0.125 0.32 93.8 
NH&O4 0.137 0.35 94.6 
NH&O4 0.144 0.34 100 

qualitative analysis showed chloride and ammonium ions as well as water 
among the material condensed on the cooler upper part of the tube after 
heating to 200” _ 

The actual position was more complicated since, though quantitative 
analysis showed that 54.1% of the chloride originally added remained in 
the melt of Run No. 2, the experimental weight loss (Fig. 1, curve C) was 
equivalent to two thirds of the ammonium chloride reacting as in eqn. (1). 
The explanation lies in the correlation of high weight losses with curves 
including a period of extremely rapid weight loss. During the violent evolu- 
tion of gaseous products some solid was probably also ejected despite the 
perforated disc. 

Similar results were found when the lower melting lithium nitrite-potas- 
sium nitrite eutectic was used (m-p. 97” as compared with 220°C) except 
that the initial loss (Fig. 1, curve D) was at an even lower 
temperature. Though also still below the melting point of the nitrite eutec- 
tic, some liquid phase was probably formed at the contact points of the crys- 
tals as the ammonium chloride dissolved. The weight losses (Table 1) were 
again variable and again a high loss (Run No. 7) was accompanied by an 
extremely rapid weight loss (Fig. 1, cunre E). 

At higher temperatures (250”) infrared spectroscopy showed the presence 
of nitrous oxide and nitric oxide in the colourless gases evolved under 
vacuum. The identifications were confirmed by mass spectroscopy. When 
small amounts of air were admitted by the gas cell the colour of the sample 
changed to brown and the presence of nitrogen dioxide was shown by mass 
spectroscopy. These more varied products increase the difficulties of detailed 
interpretation of the weight loss curves. 

When ammonium sulphate was used as the reactant, a sublimate was again 
obtained. This was shown to contain nitrite and nitrate in quantity as well as 
ammonia and water, when obtained under either air or nitrogen at 160- 



Fig. 2. Thermogravimetric analysis of ammonium sulphate in nitrite eutectics. Curve A, c?, 
0.42 m (NHJ)~SO;I in LiN02/KN02; curve B, +, 0.34 m (NH,)zSOq in NaN0,/KN02; 
curve C, O. 0.38 m (NH4)zSO 4 in NaN02/KN02; curve D, ::I, 0.16 m NH4CI in NaNOx/ 

KN03. 

200”. The original anion was shown to be involatile and analysis of the 
thermogravimetric residues showed 101.3% of the original sulphate in Run 9 
and 96.5% in Run 10 (Table 1). The weight loss maximum again occurred 
at a considerably lower temperature in the lower melting eutectic and again 
showed some extremely rapid rates of loss (Fig. 2, curves A, B and C) at 
temperatures close to those found with ammonium chloride_ However, the 
overall weight losses (Table 1) were close to those for the decompositiou 

(NHJ),SOa + 2 NO, -+ SO:- I 4 Hz0 + 2 N, (2) 

or for the volatilisation 

(NHJ)2S03 + 2 NO; + SO,‘- + 2 NHqN07_?‘ (3) 

since both equations give the same calculated weight loss of 96.9%. Lower 
losses would result if a side reaction similar to eqn. (4) occurred 

2(NHJ)?S0., + 4 NO, + 2 SO:- + 2 NHqNO, + 2 NH3f + H,Ot + NO t + $ N,t 

(4) 
(talc. weight loss 42.2%) 

and in which at least some ammonium nitrate thus formed either decom- 



or volatilisect. Either process, if cm-rid to completion. would. of course’, 

result in the same weight, loss as calculated for eqns. (2) and (3). In support. 
it was found that. melts heated to 330” c:ontainecl no nitrate. 

In conclusion, it. may 1~2 not.ed that reactions. even thermal cleconiposi- 

tions, well k110wi in aqueous solut.ion do not necessarily occur in a niolt.en 
solvent, nor is the reaction necessarily unconiplicatecl by side reactions or 
convenient t.0 represent by a simple st.oicliionietry. 
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