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Thermal Stability of Sodium Azide

by Yasuhiro Fujimoto, Takayuki Ando, Sigeru Morisaki

ABSTRACT; Though chemical accidents have occured over and over, some part of these
accidents are based on unstable chemical substances. These chemicals easily decomose or ignite
by heats or mechanical shocks under an atmosphere of not so much high temperature.

In this paper, sodium azide was chosen as an example of unstable chemical substances.
Sodium azide is used in the preparation of hydrazoic acid, lead azide, pure sodium or as pro
pellant for inflating automotive safety bags, etc. It is no doubt that sodium azide is more stable
than other azides, however, the danger not been assessed satisfactorily. \

Thermal decomposition of sodium azide is shown as follows.

2NaN; — 2Na+3N, €D)

It is known that the decomposition takes place at 300C. In addition, the heat of
decomposition has been reported. However, these results were obtained about half a century ago
and the other thermal analytical results, in particular under an adiabatic condition, have seldom
been reported ever since.

And sodium azide reacts chemically active organic halides as follows.

RCl + NaN; — RN; + NaCl @A)

But reactions between sodium azide and organic halide polymers have not been reported yet.
Hence, this paper describes the results of the following two subjects about thermal stability of
sodium azide. : '

1. Thermal decomposition of sodium azide

(1) Decomposition temperature and heat of decomposition

The experiments were carried out by DSC in air and argon atmosphere. The decomposition
temperatures were about 430C in air and about 400C in argon atmosphere. The heats of
decomposition were about 90kcal“mol in air and about 10kcal/mol in argon. Obviously, the .
mechanism of thermal decomposition in air is different from that in argon. This is because
metal sodium, which is produced through thermal decompositon of sodium azide, is oxidized by
oxygen in air.

(2) Weight decrease by thermal decomposition

The experiments were conducted with TG—DTA in the above two different atmospheres.
In air, the weight goes back considerably after a decrease in the weight by the decomposition of
sodium azide to pure sodium and nitrogen. But in argon, such a phenomenon was not observed.

These results show that the sodium is certainly oxidized in air after decomposing of sodium
azide. The following reaction scheme is estimated according to the above results.

4ANaN; + O, — 2Na,0 + 6N, ®
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(3) Self—heat rate and pressure under an adiabatic condition
The experiment under an adiabatic condition was carried by ARC only in an inert gas.
Beginning of self—heat of sodium azide was observed at around 335C, and the f{following
decomposition was too fast to follow the increase in the self —heat rate with ARC.
2. Reactions between sodium azide and organic halide polymers
(1) Measurements under programmed temperature
DSC was also used for the experiments in an atmosphere of air. The decomposition
temperatures of any organic polymers, such as polyethylene, polypropylene, polyvinylchloride and
polytetrafluoroethylene, were not changed in the presence of sodium azide, and no DSC—peaks due
to exothermic decomposition were observed.
(2) Measurements under fixed temperatures
The experiments were carried out by DSC for providing another evidence in confirmation of no
reactions between organic halide polymers and sodium azide. No exotherms were observed at the
constant temperature of 300°C for 2 hrs which might arize by the reactions between the polymers
and the azide. The above results show surely that sodium azide may be thermally stable with
organic polymers at relatively high temperature.
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Table 1 Decomposition temp. and heats of sodium
azide
TEF MU LORBEFRBEERTRESS
Sample Weight Atmosphere Decomposition temp. Decomposition heats

1.47 mg Air 415C 45.5 keal/mol

2.26 407 93.6

1.44 400 20.2

0.84 419 16.0 (L

0.17 438 26.1

0.42 406 91.6 (@)

0.29 Argon 405 11.8

0.46 398 10.7 (1

0.47 398 7.4
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Fig. 6 DSC curves for the decomposition of sodium
azide in argon (Heat rate 10°C_/min)
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Table 2 Decomposition temp. and weight loss of sodium
azide

TEF MU AOS BB EER CERRD

Sample Weight Atmosphere Decomposition temp. Weight loss
Max. Final

14.9 mg Air 397C 66.4% 53.7%
15.8 Argon 380 . 64.6 62.0
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Table 3 Variation of weight loss of sodium azide in air
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Mol. Formula NaN; Na NazO Naz02
Weight ratio(%) 100 3%.4 47.7 60.0
Weight loss(%) 0 64.6 52.3 40.0
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Table 4 Results of accelerating rate calorimeter of
sodium azide
FERGATEEDEBRHER
Temp.(T)  Self-heat rate(C/min) Press.(psi)
343.65 1.146 ) 450.5
344.67 1.009 509.7
345.71 0.818 577.5
346.72 0.664 648.8
347.74 0.411 743.2
348.76 0.191 874.1
348.56 -0.020 973.6
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Table 5 Variation of decomposition temp. of sodium

azide
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DSC TG-DTA ARC lit.
Atmosphere Air Argon Air Argon Argon
Decomposition
temp. 406-438 398-405 397 380 335 300
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Table 6 Decomposition temp. for reactions of sodium
azide with polymers

BRUT—LTLHEF P T LEOEADDORS

RtRRE
Sample Decomposition temp.
Polymers Sodium azide
Sodium azide - 406-438
Polyethylene 208 =
+ NaNs 209 445
Polypropyrene 186 -
+ NaNs 204 449
Polyvinylchloride 285 -
+ NaNs 285 426
Polytetrafluoroethylene 494 -
+ NaNs 497 412
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Fig. 11 DSC curves of polyethylene
Heat rate: 10C_/min
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Only Sample weight 1.61mg
With sodium azide Sample weight 1.40mg
NaN; 0.36mg
- Only
4.8mcal/sec ~
v

With sodium azide
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Fig. 12 DSC curves of polypropyrene
Heat rate: 10°C_/min
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Only Sample weight 2.16mg
With sodium azide Sample weight 1.41mg
NaN; 0.57mg

Only

4.8mcal/sec
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Fig. 13 DSC curves of polyvinylchloride
Heat rate: 10°C_/min
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Only Sample weight 2.37mg
With sodium azide Sample weight 2.15mg
NaNs; 0.74mg
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Fig. 14 DSC curves of polytetrafluoroethylene
Heat rate: 10°C “min "
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Only Sample weight 1.93mg

With sodium azide Sample weight 1.90mg

NaNz 0.50mg
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Fig. 15 DSC curves at the constant temp. of 300°C
Heat rate: 5C_/min

300°C TR¥F L7=B5D DSC gh#g

(1) Polytetrafluoroethylene 1.15mg

NaN; 0.80mg
(2) Polyvinylchloride 1.02mg

NaNs 1.16mg
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