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U. §. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTES -

Block Itelic Transliteration  Block Italic Trensliterstion: -

A a A a A, a P p L R, r -
B ¢ E ¢ B, b <06 C ¢ S; 8 v
B s 8 Vv, v . . T T''m Tt

o r e G, g Yy Y ¥y o U u

ax y/ D, d ® ¢ ® ¢  F, ¢

E o E ¢ Ye, ye; E, e X x X x Xh, kh

X = X x Zh, zh U u 4 y Ts, ts

3 » 3 Z, 2 i L Y «w Ch, c¢h

H x H u I, 1 Wow W ow -8h, sh

2 I A Y. y B ow o0 ow Sheh, shch
K x Kk K, k - b ® b s n
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M x M u M, m b » d s !

B u H »u N, n 9 9 8§ . E, &

0O o 0o 0, o K ©» »H = Yu; yu
Mon nm o« P, p fl.a & a Ya, ya

* ye initially, after vowels, and after , b; & elsewhere,
en written as ¥ in Russian, transliterate &s y¥ or ¥,
The use of diacritical marks is nreferrad, but such marks
mey be omitted when expediency dictates.
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FOLLOVING ARE THE CORRESPONDING RUSSIAN AND ENGLISH

DESIGNATIONS OF THE TRIGONOMETRIC FUNCTIONS

Russian

sin
cos
tg

octg
sec
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cth
sch
cach

i1

English

ain
cos
tan
got
seg
csc

sinh
cosh
tanh
coth
sech
cach

sin-1
cos~!
tan-1
cot‘i
sec™

oac*l

sinh~1
cosh~1
tanh~1
coth-1
sech-l
csch-

ourl
log
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KINETICS AND MECHANISM OF THE
& THERMAL DECOMPOSITION OF HYDRAZINIUM*
L SALTS ' ‘

Yu., I. Rubtsov
) (Chernogolovka)

£ At the Flrst Symposium on Combustion and Explosion the results
of an investigation of the thermal decomposition of hydrazinium
nitrate were presented [1, 2]. It was shown that the reaction

: takes place through dissoclation of the salt in the liquid phase

?Q into hydrazine and nitric acid, while the reaction rate is deter-
mined by the hydrazine decomposition —ate.

To explain the applicability of this mechanlsm to other

R E hydrazinium salts we investigated the kinetics of the thermal
'gf¢@ P decomposition of hydrazirium chloride, lodide, and azide and theilr

' ) mixtures with hydrazine and other additives. The reaction rate
was studled with respect to the rate of heat release in a
. 3 microcalorimeter [3] in sealed glass ampoules haviug no cold
:-i;jﬁé : parts. It was found that the first stage 1s common to all com~
B ; pounds = the equlliorium dissociation of the salt into hydrazine
i and vhe corresponding acid in the liquid phase:

~ A, W

¥Tranglator's Note: In the origlnal Russian article and in this
translation, hydrazine salts are referenced as hydrazinium salts

because of the pertinency of the hydrazino radical (NZH;).

3 © FID-HT-23-1380-74 1




(NaHaXhe 2 (NaHohuq + (HRDysq) | (1)

The hydrazine which was formed partially pfoduces a complex
with a hydrazinium lon:

(NaHaisq + (N2HE)ysq 3 (NaHdasq (2)

The exlstence of such complexes was shown from a study of
the phase diagrams of the systems NQHM-NzHSNO3 and N Hh -N H501 and
measurement of the equilibrium pressure of hydrazine over the
system NEHA-N2H501. The corresponding complex salts melt con- .
gruently at 3°C (N2H5N03-N2Hu) and 36°C (NéHSCl'NZHb)’

Further transformations of the dissoclation products occur
in various ways depending on the composition of the acid formed
during dlesoclatlion of the salt. The limiting stage for hydra-
zinium nitrate and chloride is decomposition of the NEHH'N H;
complex. Thils was conflrmed during an investigation of the thermal
decomposition in the systems NEHQ-N2H5NO3 and N2HH-N2H501. The
reaction rate

+
‘_i.[%ié‘il s k[N;H{]*[NaHy)

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 Naﬂ N03, for all practical purposes, the concentration
is independent of temperature, and amounts to 0.2 mole/?. With
the decomposition of N2H501 the initlal stage of the reaction is
somewhat distorted because of the parallel interaction of N2H501
with HC1.
\ .

In purer form, such interaction can be observed during the
thermal decompositic . of hydrazinium iodide. The stabili v of
N HSI 13 substantlally lower; equal initial decomposition rates

are observed at temperatures 100°C lower than in NQHSCl and N2H5NO3

FID-HT-23-1380-74 2
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Most slgnificant 1s the effect of hydrazine, whibh sharply reduces
the reactlon rate: upon its introduction into N2H5C1~and N2H5N03
the rate increased. The higher decomposition rate of NZHSI is
assoclated with the interaction of the hydrogen iocdide formed as
in reaction (1) with the original salt, leading to a reducticn of

the hydrazine to ammonia:

NyHsI + HI + 2NH; + I,, (3)

The lodine qulickly oxidlzes hydrazine to nitrogen; the process
i goes totally according to the equation

3NaHeI = 3NHI + NHy + Na, (4)

i ‘ The decomposition rate constant of the complex NgHu'NaH;

is small at such temperatures and its contribution to this reaction

can be disregarded. Additives which raise the acldity of a system,

£ e.g., N2H6012, increase the thermal decomposition rate in accordance
with the proposed mechanism.

E We can assume that all hydrazinium salts formed by acids with
well-pronounced reduction properties will also decompose, and their
thermal stability will be significantly lower. The thermal
decomposition of hydrazinium azide can serve to confirm this.
Hydrazolc acid can reduce hydrazine to ammonia:

L NaHsNy + HNg » 2NHy + 3N, (s)

The distinctiu. from hydrogen iodide is that the nitrogen
formed cannot oxidize hydrazine as lodine can; therefore the
hydrazine is a product of the reaction and accumulates in the system.
In addition, HN3 iz far more volatile, and at 1l40-170°C most of it
i1s in the gaseous phase. This leads to highor stabllity of
v hydrazinium azlde. Since the reaction proceeds at higher temperatures
: and hydrazine accumulates in the system, which leads to an increase
] in concentration of the complexes NQHu-NQH;, the contribution of
L their thermal decomposition 1s essential to the total reaction.

FTD-HT-23~1380~74 3
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Of the hydrazinium salts, in the literatufe there are data
on the kinetlcs of decomposition only for N2H6(C104)2, N2H5010u,
and N2H5F104-0.5H20 [4-6]. A comparison of these works with the
data derived above shows that the stabllity of NgHSCIOu is much
lower than that of the nitrate or chloride, and approximates the
stability of N2HSI; consequently, the decomposition of the compleg
N H& N2H5 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 reactlion,
decomposes more slowly than the perchlorate, but 1t should have
decomposed much quicker; the equilibxium pressure of HClOu over
it 1s 7-8 orders higher. When decomposition is limited, HC1O0,,
NHuClou, and N2H50104 should decompose at simllar rates, since
the basicity constants of ammoriia and hydrazine do not differ very
much. Actually, the stabllity of N2HSClOu is much lower. It can
be assumed that during the decomposition of NZHSCIOQ the interaction
of N2H4 or the complex ion NMHQ with a molecule of perchloris
acld occurs with the formation of oxidatlon products and ammonia.
Only in the region of the existence of hydrazinium &iperchlorate
and with an even greater perchloric acld content does its nwn
thermal decomposition become decisive.

The table gives temperature relationships and values of the -
first rateconstantskﬁ at 120, 150, and 200°C for the investigated
compounds and recalculation of the literature data for NQHSCLOQ.
The rate curves are satisfied by various kinetle equations because
of the difference in the mechanisms of the studied reactions;
however, the value of kl is always equal to the initial reaction
‘rate and therefore can serve as a characteristic of the stablliity
of this salt. '

An increase in the decomposition rate of NQHSI basically
involves less activation energy of the interaoction of hl with
Na“al as eompaved with the thermal decomposition of the complex
N Hu *N H5 A further drop in the activation energy ftox N2H5N3
is caused by the high volatility of HN3 at e¢levated temperatures;

FTD-HT-23-1380-T4 4




the effective activation energy 1s reduced to the heat of vapor=-
ization of HN3 from the melt, while the preexponent is. reduced to
+ & corresponding change in entropy.

C e A LY
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~33000
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Changes in the reaction rate durlng the process are assoclated
with the effect of the products formed. In all cases one of the
end products is ammonlia which can extract hydrazine from the
oy Jrazinium salts:

HHs + N3HsX T NaHe + NHXo - (6)

Therefore, at least in the flrst stages of the reaction, an
accumulation of free'hydrazine'oceurs, while it is the end product
for N2H5N3. When an increase in NyH, concentration seads to an _
increase in the reaction rate (N2H5N03, NZHECR, the concentration

~of the'NuH; complexes increases), the process continues with
slgnificant selr-aceeleratiqn. in NEHSI the ammonia and hydrazine
“decrease the equilibrium oncentration of HI and the rate drops
during the process; in Ngﬁﬁﬁ3 buth possible mechanisms proceed at
commensurate rates; a certain time of the orders of the veaction
is close to zerc, but subsequently, the rate drops with desreasing
quantity of the basic substance.

Thus, the thermal decomposition of hydrazinlum salts for ali
3 the compounds investigated goes through equilibrium dissociation
i‘ to hydragine and ucid, while the reaction rate is determined by the
| FPD-HT-23-1380-74 5 | o ?
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decomposition rate of the products of this dissdciation; in addition,

at the present time two posslble means for such & process have
been established.

REFERENCES

l. 10. 0. Pv6uos, [ B. Maneane XK dus xuwnn, 1989, 43, M 11, erp. 2972
2. 10. 1. Pyouow, I B. Mareane X dus. xisum, 1970, 44, Ko 2, ¢ crp. 336

3. 0. C Taawow, [0. K. P 640w, IO Maannowckag I b. Maneawuec.
. @ns xiMit, 1983, 39, M 9, crp. 23!9

LA AUlrxzosexnd, B.Ti. Cemnuwrm J. O Wayares XK npukt xitstuw,
1562, 85, erp. 736
2”?.1? W. lacobs, A, Russeli-Joues Canad. J Ciam, 596«3. 4¢, No 20,
P T8 Ch. . Greleckl W. Crulce. Advan, Chem, Ser. 085, &, p

G




