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COMBUSTION MECHANISM OF AMMONIUM AND
HYDRAZONE SALTS

GosBoManel bsl “anid V., G AL -SErunin
Chernogolovka

~Many salts of ammonia and hydrazone (for example, perchlorates,
nitrates) are capable of self-contained combustion. A character-
Istic feature of these compounds 1s the rather high rate of reaction
of the decomposition in the condensed phase and the capacity for

vaporization.

The kinetics of the reactions in the basic features 1is expressed
by the following scheme [1, 2]:

the initial stage is the reversible transfer of the proton
RH+ X: w=2 R, + HX,.

The products of dissoclation are vaporized (endothermic process) or

decomposed (exothermic process).
The rate of reactlon of the decompositicn which limits the

process can depend In general botn on the concentration of R
(hydrazine) and the concentration of HX (acid):
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The solubility of R and HX in the initial substance is

different and determined by the constant of equilibrium Kl =

= [R]H[HX]H and the equation of the conservation of the mass of

the substance with its dissolution and varorization
(Rl FIRETL) Vo IRV, 22 (UX), = (XD V= (BX] V. (2)

where V is the voiume, and the subscripts « and r denote the
condensed and gas phase.

The concentrations of components in the condensed phase are

proportional to concentrations in the gas phase (Henry's law)
[R), == A RUIR]: [(BX), = Ky RT[USE, €3

where KR and K are constants of sclubility

HX
Prom eqguation (2) 1t follows thHat &if [HX]H, owing to the

great solubility of thils product, exceeds [R]H, then for preserv-

ing the balance [HX]r should be less than [R]r. Since the gquantity

of wvapor carried away by the finite products of decomposition

depends on thelr volume and, consequently, on the pressure, then

[R]ﬁ. {_HX]H and the rate of reaction will also be changed with

pressure.
Let us examine one of the simple cases when
e -1 {
SREEY N HAY S (4)

Taking into account that

FTD~HT~23-623-T4
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ViVe=lm 1.+ mp(i Eiy 'f:c)] «RT/p, (5)
ol =)
(RN}, = X~ (7)
from equation (2)
KK 1R E st e (a7 - Y p,
[HXI -..--——-,-—\-'-’- : - —llm,,'-ip (r‘,-_l ”':;)p ] , (8)
R Ve Ky 7' I o2 = ) el
where n - portion of vaporized substance;

mp and m,- number of moles formed with the decomposition
and evaporation of one mole of substance;

p - density of the condensed phase;
pi = pressures

pe=Bexp(—L/RT) - pressure of the saturated vapor.

The rate of combustion under the assumption that the leading
process is the exothermic decomposition of the substance in the
condensed phase, and the gas-phase processes play a secondary
role, is expressed for the most simple case of a reaction of zero
order [3, 4, 5], taking (4) and (8) into account by the following

formula:
S ?"R/?,Ko exp({—E/RT,) KKy 1 i-akyp
U= = 5 - s i /9 y
(= 5c)HQE Ag - BEdkpep ik
e o (1 ’”";-)Q Y‘Q s Yo () -
i : “}’~G~~~7@u (10)
yhere - thermal conductivity;

PN
g = shact ticiheat :
Q ~ decomposition heat;

Qc ~ evaporation heat;

KO ~ pre-exponent;

E - activation znergy;

FTD=HT~23-623=T4
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TH— temperature of combustion surfeace;
Tb— initial temperature;

T,- maximum temperature, a = 1/p mp (considering Be 5= B )i

Equations of the material (6) and thermal (10) balances
determine the dependence of Tn OrH,

The pressure coefficient 1s _equal to (it is assumed here that
Kl’ KR’ and KHX depend slightly on the tempera‘ure Qc = 0 and mp =

= mc)

y=20 __ (Tn—Ty) 5[1 e Ry B 2 a(Ryx — Kp)p
2(1--ak g, p)1 + aKyy P)

wgp 2RT: Rl Gl

The temperature coefficlent

L R eh A e N ST {12]
udT, 2RT: PomET RTE 0T,
where
oTy (T — To) . 71 s
—_— = ] e s 1l
T, [ 1 Py ] (13)

The dependence of the rate of combustion on pressure is
determined by two factors: the equation of the temperature of
the combustion surface and the change in concentration of the
product accelerating the reaction with an increase in pressure.
If the solubility of the products of dissociation 1n the condensed
phase 1s 1dentical (KR = KHX)’ then the dependence of u on p
is determined only hy the first factor. If K, > K then-4n

R HX?

a certain region of pressures it is intensified; if KR < KHX’

then 1t 1s weakered and can become copposite in sign (v < 0).




: Figure 1 shows in dimensionless form the dependence of the
rate of combustion on pressure with a different relationship
between KR and KHK calculated according to formulas

g, e Mot .

Ky laalysn ST Ly

e—%6q .

where

Oy ThiT
su=p/B;
e=E/RT,, =10;

#=L/RT, =10;
©p= Tolrm =02

a ]\’HX =107,

Fig. 1. Dependence of combustion rate on
pressure in dimensionless form: 1 -

e -4 s e S
ol R e e s
e ip’,

£ in the process of thermal decomposi-

tiovn of Lhe substance, products capable of
displacing the equiiibrium of the initial
reactlion of transfer of the proton are formed,
then they can, by changing the concentration of the product -
agcelerator of the rea¢tion, have an effect on fhe combustion rate
and its dependence on pressure. Let us assume that the product F
(for example, H20) decreases the concentration of HX according to

K
F-t HX z=== FH" .- X-.

N




it is obvicus that

(Fl, = K- RTIF} ~ p.
Instead of equation (7), 1t follows to write

[RET) = [FHT), = [X-]

By using these relations, it is possible to obtain expressions
for the ceoncentration ot (HX) and combustion rate [6]. In this
case the change in the combustion rate and value v with pressure

becomes greater.

If one of the products of decomposition is able to connect
R, then the concentration of HX increases, which leads to a
corresponding increase in the combustlion rate and an increase
RS

Similarly analyzed are cases when the decomposition is
gtuglicyited by the product B; i.e., Wwhen

diy, = K[R]7.

In passing to a comparison of the aforementioned with the
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which enter into the obtained formulas (in the first place,
constants of solubility) are unknown at the present time. Never-
theless, the qualitative explanation of the features of combustion
of these compounds on the basis of the examined mechanlsm was
important.

It is known that the deccmposition of ammonium perchlorate
[1], hydrazone perchlorate and diperchlorate [7] and ammonium
nitrate [1] 1s determined by the kinetics of the decomposition of the
acid and is accelerated by additions of other aclds, whereas the




decomposition of hydrazone nitrate [2] occurs mainly by the decay
of hydrazine. The first group of substances corresponds to the
scheme examined above.

Regularities of the combustion of ammonium perchlorate are
studlied in the most detail. Proceeding from data on the vapor
pressure cof ammonia on the comparison with the vapor pressure
of perchloric acid, one should expect that with combustion the
solubillity of perchloric acid in the condensed phase will be
greater, i.e., K, > Kp. Then, according to (9) and (11), with
arr increase in pressure there should occur a drop in the combustion
rate of ammonium perchlcrate similar to that of curve 3 of Fig. 1.
Erperimental data [8, 9] agree with this conclusion. 1In the
region of pressures of 150-400 at a drop in the rate is observed.

It 1s interesting to note that the combustion of ammonium
perchlorate in combustible films [8,10] weaken this drop, which
in certalin cases is replaced by a plateau. As calcu'ations show
6], this effect is explained in our model. A decrease in the
effective heat of reaction leads to the fact that the temperature
of the combustion surface varies more greatly with an increase in
pressure, and due to this the action of the first factor in
formula (11) becomes greater.

Wid &t +hea anambhuictinan Af narchlnnaotes nf onrcanie amines
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12], on curves u(p) regions of the drop in rat
combustion with the subsequent recommencing of the ability to
burn are observed. ‘The mechanism of these phenomena 1s also
apparently connected with the examined effect of kinetic

retardation.

Another feature of the process of combustion of these sub-
cta:ces consists in the fact that in the reglion of the drop in
rate the combustion acquires an unstable pulsating nature. In

FTD-HT=23-623-74 (]
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literature there is a number of criteria of the stability of
stationary combustion c¢f condensed systems. The most common of
them is the criterion of B. V. Novozhilov [13], which 1s obtained
on the pasis of an examination of the connection between thc

combustion rate and the temperature surface and temperature
gradient depende-t on pressure on the surface of combustion. The
combustion mode is stable if

G2

NE .
where k=(Tr—h)-{%¢:
Udlg
ek il 21
ro= 8~ wher, p=const,

The use of (1. 2and (13) together with (1%4) leads to the
following form of thz criterion of stability:

(Tr—To) £ 1 2

s 2R T
o= - s B
o Me=—To) &
g 1 L8

2RT;

Ll A
T(D ¢ 2

The stability of the comhustion 1s increased with an increase
in the activation energy E and decrease in the evaportation
Ly 1.e., with a decrease in v ®= E/2L, and also with an increage
in the thermal effect of the reaction Q and initial temperature
TO'
Equation G(Tn) = 1, which determines the limit of stabllity,
is cublc with respect to 'I‘n and has three roots, which with
definite relatiocnships of the parameters can be real [14] and enter
into the region of real values T .

FTD-HT-23-623-T4 8




Fig. 2. Dependence of the criterion
of stability on the surface tempera-
ture of ccmbustion in dimensioniess
form (x = 1 By = OéIS): l - ¢ = U4;

5
2 - €=6; 3-"¢

Figure 2 shows the dependence of

§ on the dimenslonless temperature On

for different values of the parameter

£ = E/RTm. Depending on the magnitude of this parameter, the

combustlion process can be stable in the whole region of the change
in Tn and, correspendingly, p (curve 1, § everywhere 1s less than

==

1), stable at low and high pressures and unstable in the inter-

mediate region (curve 2, which intersects twice § = 1) and stable
at low pressures (curve 3, which intersects § = 1 once). Simllar
measurements in the nature of the curves causes a decrease in the
parameter k = L/RT. Thus, the relationships determining the
combustion stability which result from the examined mechanlsm

«re found in a qualitative agreement with the experimental data.
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