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KINETICS AND MECHANISM OF THE
THERMAL DECOMPOSITION OF HYDRAZINIUM*
SALTS

Yu. I. Rubtsov

(Chernogolovka)

At the First Symposium on Combustion and Explosion the results

of an investigation of the thermal decomposition of hydrazinium

nitrate were presented, [i, 2]. It was shown that the reaction

takes place through dissociation of the salt in the liquid phase

into hydrazine and nitric acid, while the reaction rate is deter-

mined by the hydrazine decomposition -ate.

To explain the applicability of this mechanism to other

hydrazinium salts we investigated the kinetics of the thermal

decomposition of hydraznium chloride, iodide, and azide and their

mixtures with hydrazine and other additives. The reaction rate

was studied with respect to the rate of heat release in a

microcalorimeter [3] in sealed glass ampoules having no cold

parts. It was found that the first stage is common to all com-

" pounds - the equiliorium dissociation of the salt into hydrazine

and Lhe corresponding acid in the liquid phase:

*Translator's Note: In the original Russian article and in this
translation, hydrazine salts are referenced as hydrazinium salts

because of the pertinency of the hydrazino radical (N2H ).
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(NajisX)ujq :4 (N2H0hiQ + (hXiq. (1

The hydrazine which was formed partially produces a complex

with a hydrazinium ion:
,"H, )2iqo

(NjH1)jjq + (N2H1)liq : N .(2)

The existence of such complexes was shown from a study of

the phase diagrams of the systems N2H4-N 2H5NO3 and N2H4-N 2HI501 and

measurement of the equilibrium pressure of hydrazine over the

system N2H4-N21H5C1. The corresponding complex salts melt con-

gruently at 30C (N2HsNO 3.N2H4 ) and 360c (N2HCl.N2 H).

Further transformations of the dissociation products occur

in various ways depending on the composition of the acid formed

during dissociation of the salt. The limiting stage for hydra-

zinium nitrate and chloride is decoiposition of the N2 H 4 N2 H5
complex. This was confirmed during an investigation of the thermal

decomposition in the systems N2H 4-N2H5NO3 and N2H4-N2H5 Cl. The

reaction rate

d[NpI21* faH).N 2jd , "k[NiHS ].[NaH 3.

at

rate constant k has the same value for both salts. Using the

initial reaction rates in pure salts and the values of k, we can

calculate the equilibrium concentration of hydrazine in the salt

melt. For N2 H5NO, for all practical purposes, the concentration

is independent of temperature, and amounts to k,0.2 mole/Z. With

the decomposition of N2H5C1 the initial stage of the reaction is

somewhat distorted because of the parallel interaction of N211 C1

with HC1.

In purer form, such interaction can be observed during the

thermal decompositict of hydrazinium iodide. The stabill i of

N21151 ia substantially lower; equal initial decomposition rates

are observed at temperatures 100 0C lower than in N2 HC1 and N2HsNO.

FTD-HT-23-1380-74 2



Most significant is the effect of hydrazine, which sharply reduces
the reaction rate: upon its introduction into N2HsCland N2H5N03
the rate increased. The higher decomposition rate of N2HsI is
associated with the interaction of the hydrogen iodide formed as

in reaction (1) with the original salt, leading to a reduction of

the hydrazine to ammonia:

NaHgI + HI 2NH5 + It* (3)

The iodine quickly oxidizes hydrazite to nitrogen; the process
* goes totally according to the equation

-V:HsI 3NH4I + NH, + Nae (4)

The decomposition rate constant of the complex N2 H4 .N2 H+,
-- is small at such temperatures and its contribution to this reaction

can be disregarded. Additives which raise the acidity of a system,
e.g., N2H6 C12 , increase the thermal decomposition rate in accordance

with the proposed mechanism.

We can assume that all hydrazinium salts formed by acids with
well-pronounced reduction properties will also decompose, anI their

thermal stability will be significantly lower. The thermal
decomposition of hydraziniwn azide can serve to confirm this.
Hydrazoic acid can reduce hydrazine to ammonia:

N2H 5N3 + HN3 2NH, + (5)

The distinct,. from hydrogen iodide is that the nitrogen
formed cannot oxidize hydrazine as iodine can; therefore the

hydrazine is a product of the reaction and accumulates in the system.
In addition, HN i4 far more volatile, and at 140-1700 C most of if

is in the gaseous phase. This leads to higho: stability of
hydrazinium azide. Since the reaction proceeds at higher temperatures
and hydrazine accumulates in the system, which leads to an increase
in concentration of' the complexes N2 HV.N H the contribution of
their thermal decomposition is essential to the total reaction.

FTD-HT-23-1380-74 3



Of the hydrazinium salts, in the literature there are data

on the kinetics of decomposition only for N2 H 6 (C1O4 )2, N2H5C104,
and N2H5C104 .O.5H 20 l-6]. A comparison of these works with the

data derived above shows that the stability of N2 H5 CIO is much

lower than that of the nitrate or chloride, and approximates the

stability of N2 H5 1; consequently, the decomposition of the complex

N2H4.N 2H5 is not a limiting stage. The mechanism of decomposition

through perchloric acid, proposed in [6], cannot be accepted:

hydrazinium diperchlorate, at the beginning of the reaction,

decomposes more slowly than the perchlorate, but it should have

decomposed much quicker; the equilibrium pressure of HC104 over

it is 7-8 orders higher. When deoomposition is limited, HC10 4 ,

NH4 CI04, and N2 H5 CIO4 should'decompose at similar rates, since

the basicity constants of ammonia and hydrazine do not differ very

much. Actually, the stability of N2H5CIO4 is much lower. It can

be assumed that during the decomposition of N2 H5C104 the interaction4-
of N2 H4 or the complex ion NO 9 with a molecule of perchloric

acid occurs with the formation of oxidation products and ammonia.

Only in the region of the existence of hydrazinium diperchlorate

and with an even greater perchloric acid content does its *wn

thermal decomposition become decisive.

The table gives temperature relationships and values of the

first rate constants k at 120, 150, and 2000C for the investigated

compounds and recalculation of the literature data for N2H 5C10 4.

The rate curves are satisfied by various kinetic equations because

of the difference in the mechanisms of the studied reactions;

* however, the value of kI is always equal to the initial reaction

rate and therefore can serve as a characteristic of the stability

of this salt.

An increase in the decomposition rate of N211s1 basically

" Involves less activation energy of the interaction of hl with

N N2S " 1as compared with the thermal decomposition of the complex

N 2 HO.2 H A further drop in the activation energy ror N2 115 N3

is caused by the high volatility of lN 3 at ulevated temperatures;

FTD-IIT-23-1380-74 4



the effective activation energy is reduced to the heat of vapor-

ization of HN from the melt, while the preexponent is. reduced to

a corresponding change in entropy.

Substance h0-(T), 200aC

---h-.c:. 2 :;I..rz.NAN% j01.2 . .9r 10-10 10-M 1-5

N2i4I 10 " to-"to1-1. 1-
Ns N0 e 10 r0-11

NAls 10 I o . r' |0"5.3 1O-0 10-M1'

... NtlC1O 10"-W 10- 1

Changes in the reaction rate during the process are associated

with the effect of the products formed. In all cases one of the

end products is ammonia which can extract hydrazine from the

A)y irazinium salts:

Therefore, at least in the first stages of the reaction, an

accumulation or free h ydrazine occurs, while it is the end product

for, N2 115 N When an increase in N2 H4 concentration 'ead to an

increase in the the concentration
+ 2CCbU ru 3u 21gf5i Cw1

of the N4 +1"9 complexes increaseJ), the process continues with

significant self-acceleration. In N Ii I the ammonia and hydrazine
decrease the equilibrium oncentration of HI and the rate drops
during the process; in N2 5IN3 both possible mechanisms proceed at
commensurate rates; a certain time of the orders of the reaction

is close to zero, but subsequently, the rate drops with decreasing

quantity of the basic substance.

Thus, the thermal decomposition of hydrazinium salts for all

the compounds investigated goes through equilibrium diszoslation

to hydrazine and acid, while the reaction rate is determined by the

FTD-HT-23-1380-74 5



decomposition rate of the products of this dissociation; in addition,
at the present time two possible means for such a process have

been established.
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