AD/A-005 066
EFFECT OF IONIZING RADIATION ON
COMBUSTION OF AMMONIUM PERCHLORATE
AND MIXTURE SYSTEMS OF THE LATTER
V. A. Strunin, et al

Army Foreign Science and Technology Center
Charlottesville, Virginia

4 October 1974

A

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENT DF COMMERCE




0 seoseozpmmr OF THE malmrBf

U.8. ARMY FORKIGN SCIENCE AND TECHNOLOGY CENTER

220 SEVENTH STRILT NE. /
4 CHARLOTTESVILLE, VIRGINIA 2290}
TRANSLATION
In Replv Refer to:
FSTC-HT-23-860.74
DIA Task No. T741801 Date: October 4, 1974

ENGLISH TITLE: Effect of lonizing radiation on combustion of ammonium
perchlorate and mixture systems of the latter

SOURCE:  AKAD, NAUK, SSSR, FIL, ORD, LEN, INST, KHIM, FIZ, (Preprint)
69, 1 - 9.
AUTHOR: Strurin, V. A,, Manelis, (. B,, Ponomarev, A, N., Tal'roze, V. L,

LANGUAGE: Russian

Repraduced by

ADA005066

C ; USSR NATIONAL TECHNICAL
O?NTRY INFUOS%MATIOI% SERVICE
spariment of Commerce

Springfield YA 22151

REQUESTOR: AMXER

TRANSLATOR: Leo Kanner Associates, Redwood City, California (PFW)
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One of the basic questions on the combustion theory of condensed
systems with an ammonium perchlorate base is that of the limiting stage of
combustion. Its solution is complicated by the fact that ammonium perchlorate
during combustion undergoes a series of different physicochemical {rans-
formations, An exothermal decomposition reaction takes place in the con-
densed phase. Simultanecusly, ammorium perchlorate is sublimated and dis-
persed from the combustion surface as the result of the liberation and
eflux of gases -- products of thermal decomposition of condensed substance,
Finally, the combusiion process is completcd in the gas phase,

Let us analyze firat of all the effect of reaction in the condensed
phase and phenomena which accompany it (sublimation, dispersion), during
the combustion process. The exprassion for the combustion rate in this case
(without allowing for the heat flux from the gas zone) is described in the
following way [1].
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lo=ng+ (1—ng Hn(l—ny) -- for a reaction of the first ordsr,
By designating: u -- the combustion rate; ko, E —-- the kinetic para-
meters; A, po» & ¢ -- thermophysical constants; Tf -- the temperature on

the combustion surface; Ng == the depth of Adeccmposition of substance o~ the
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substance Mg on the combustion surface, and by the same token, have a |

dual effect on its rute, On one hand, as all processes for forced mechanical re-
moval of substance from a surface, they increase the spreading aspeed of the

reaction front, which i< reflected in formala (1) of the inverse rolationship

of uon IO' On the other hand, sublimation and dispersion cause a reductior

of temperature of the combustion surface and, consequently, 4 reduction of

the combustion rate, Since the latter relationstip is stronger owing to

its exponential nature, the combustion rate i2 r.duced with an increase in

the amount of sublimated or dispersed Sudstance, Anzlysis of the dispersion

effect was first carried out by A. G, Merzhanov [ 2], ;

When there is sublimation on the combustion surface, the following
correlations are true:

Thermal balance
Ty=To+ 2 5. Q¢ )
§=To+ e (1..,,{)' o

Material balance

whm=1  p=p+p. {
J (3)

vhere p -- amblient pressure;
Pp == partial pressure of decompesition products of condensed

substance;

P, == pressure of saturated steam of the initial substance; |

Ne = the amount of sublimated substance;
Q_ -- the heat of sublimation;

. surface; f(yl) -~ the function, detormi... g the type of chemical kinetlcs,

. (f('l) = 1 - v for a rec.tion of the first crder).

Sublimation and dispersion reduce the depth of exothermal decomposition of
.

Q -~ decomposition




. By using the obvious relationship —E—- = {f:—:—. 5
where re and To == the number of mols formed during decomposition and subli-
mation of mol of initial substance respectively, and the dependence of p, on
T in the form  Pe =B exp (“' il'i'.;) , We obtain a link between p and n,
.
p=[i+r—c-éf%';4—) Be Rig %)

in which the value of 'I'f id determined by the relationship (2).

This expression makes it possible to determine the dependence of com.
bustion rate on ambisnt pressure together with formula (1). The pressure
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coefficient Y& Iinp is written in the following form:
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In formula (5) the second and third terms in the first bracket are
small and can be disregarded, If ﬁ"% »1 that is, when there is
a large value of evaporation heat L, V =% , Which coincides with
an expression earlier obtained bty Ya., B. Zel;dovich without allowing for

gassing and thermal decomposition ot substance 3 ., Calculations by these

formlas show that when ambient pressure is increased, the combustion rate %
decreases, the amount of decomposed substance increases, and the amount of sub-

limated substance decreases respectively, Tae pressure coefficient v




‘changes little, When p—> o, ’l{_--*T: v—+0 and u — const,

The expression for the temperature coeificient ﬂ::fﬂ!i has

T,
the form

gq[ E ..L...L al c 6],]/ al )"‘l
Ty T T, RTy %QL ong RTY &

In this formuls the secocnd term in the first bracket is small, but

the third one is quite large. If re = 0 {(thermal decomposition occurs with.

out gassing), then & — oo ., Then for reaction of a zero order

Lot nr

g = ! , which corresponds with an expression for ﬁ i
in the Zel'dovich model {3].

=74 when J = 1] Formula (&) assumes the form

__c
Qny Tg=To

The dispersion process in the case of solid non-melting substances is
determined by many factors, which cannot be accurately calculated at the
present time,

However, on the basis of examining simple physical relationships one

can obtain a dependence of combustion rate on ambient pressure and scme

other factors as a result of dispersion,
We shall examine the mechanism for the occurrence of dispersion, l
Force F, proportianal to the pressure gradient, acts upon solid particles
of a decomposing substance from an outgoing gas flow,
= ——-d,
where d -- particle size,
The pressure gradient is linked with the filtration rate of gas in

vapors by the Darcy law [4].
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where Uy - the filtration rate;

Cq == permeability;

R - viscosity,

By taking note of the continuity equation of flow Ul =Tpou
(u -~ combustion rate; o -- the density of a solid substance; Dg -- the
density of gas; n -- the depth of decomposition) and the ratic pg =
RP/RT, we obkain L ETMe u_

Tl

The dispersion moment, that is, the destruction of the condensed
zone, like the ejection of particles, will be determined by the equality of
force T to the force keeping the substance from destruction, that is, its ;:

stability H. Then, we have

coHM

Uz HdRTa 7 o

P
(7)

In this formula, a series of values (permeability, strength,etc) depends
on -qf. In the general case, this dependence can be shown by a function

v=n? (1—np, where k and 1 -- are positive or negative numbers,
Apparently, the dependence of 4/ on g should not be strong, since for
example the increase of permoability Co with the increase of LI is
partially compensated by the reduction of strength H. By comparing formuilas
(1) and (7) it follows that the value of My 1s expressed by a weak logarith-
mic dependence on p, Consequently, it can be calculated that function ¥
depends little on pressure and,the combustion rate of dispersing substances
should depend linearly on ambient pressure. This conclusion concurs with
experimental data, according to which solid explosives for which the dispersion
is most characteristic (for example, fulminate of mercury and several other

initiating explosives) have, at least at low pressures, a linear combustion




law [5]). Disperszion was examined in more detail in a work by B, I.
Khaykin and A, G. Merzhanovi6].

From this analysis, it follows that in this case when reaction of
exothermal decomposition of a substance occurs during combustion, the
removal process of the initial substance (sublimation, dispersion) has a
significant effect on the combustion process, Firstly, it reduces the
combustion rate and secondly becaus? of it the combuztion rate begins to
depend on pressure,

in order to test the role of reaction in the condensed phase and
removal processes of a substance in the case of ammonium perchlorate, we
studied the effect of ionizing radiation on combustion rate, since prelimi-
nary irradiation of a substance as opposed to the normal methods of
influence, for example, using catalyzing additives, makes it possible to
change the reaction rate of thermal decomposition of a substance, without
acting upon other characteristics of the system, for example, on the gas.
phase reaction, By using volumetric or surface irradiation and, by the
same token, changing the topography of decomposition reaction in crystals
of ammonium perchlorate, one can alsc simultaneously :afluence the dispersion

process.

The experiment

Research inte the kineties of thermal decomposition of ammonium per-
chlorate, conducted by the weight method by the authors togeth<: with Yu,
I. Rubtsov, showed that when aifected by preliminary irradiation (X-ray,
erectrons with an energy of 1.6 MeV, glow discharge plasma) the decomposition
of ammonium perchlorate slignificantly increases, proportional to the irradiation

dose,
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Experiments on the combustion of specimens of ammonium perchlorate
and mixtures of it with combustibles were carriei out beforehand with an
irradiated substance, and by direct irradiation of the hot zone at the
moment of combustion of the specimens, The combustion rate was determined
by photorecording the flame or measuring the combustion time of the fixed
sectlon or specimens in a constant pressure bomb with an electric second
timer, Ammonium perchlorate of three fractional ecompositions was used:
50, %0 - 100 and 100 - 250 pn. 1t was compressed in thin-walled tubes
made from stainless steel with an internal diameter of 6.2 mm. Mixtures
with fuels were prepared without a casing (specimen diameter, 8 mm)., The
tests were made at different initial temperatures (up to 250°C) and
ambient pressures (up to 60 at),

During the experiments, a study was made of the effect of ionizing
radlation with different penetrating powers: X-rays, a fast electron
beam, glow discharge plasma, Irradiation by fast electrons (E = 1,6 MeV)
was carried out with an accelerator, and the specimens of compressed
ammonium perchlorate were placed below its vteam. The specimens were
irradiated with doses of 300 - 400 mrad, and subsequent combustion of them
at initial temperatures of 20 - 250°C and rressures of 10 . 60 atu* showed
that the effect of irradiation, basically, reduces the & —erature limit
of self-sustaining combustion and the combustion rate changes little, The
effect of irradiation only occurs at small pressures (10 and 20 atu),
Fipure {1 shows the rate-initial temperature relationship at a pressure of
10 atu® for ammonium perchlorate with a particle size of 50 - 100 pmn. The
limit of self-sustaining combustion when affected by an irradiation dose of
400 mrad is reduced from 160 to 80°C. The decrease in particle size of

ammonium perchlorate reduces the effect of irradiation (Figure 2).

*[Note* atu = atmospheric overpressuse. ]
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Fig. 1. The dependence of combustion rate of
ammonium perchlorate on the initial
temperature when p = 10 atu (fraction
50 - 100 gm): 1 -. epecimens irradiated
with electrons (a & .. of %00 mrad);

2 -= control specimens,

Key: a. mm/sec
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Fig. 2. The dependence of the temperature limit of
self-sustaining combustion on the irradiation
dose whei p = 10 atu: 1 -- fraction 100 - 250!‘m;
fraction 50 - 100 gm; 3 -- fraction 50 pm.

Key: a. mrad

Experiments to study the effect of ionizing radiation during combusticn
of specimens were conducted in a device, the diagram of which is shown in

Figure 3. A beam of electrons with an energy of 1.6 MeV was direcled from




an accelerator, using rotary magnets, through 2 thin metal foll to the
combastion area. The combustion surface was maintained at a constant level
with a supporting needle and an ejecting spring. The dose rate was
caleulated according to the current density of electrons on a commtator
beyond the irradiated combustion zone, While the specimen was under ths
beam, the irradiation dose during combustion was “~ { mrad. These experi-
ments showed that during combustion of ammonium perchlorate and mixtures
of it with different combustibles during irradiation at pressures up to

10 atu and an initial temperature up to 250°C changes in the combustion

rate do mmt ocour,

Flg. 3. A diagram of the equipment for irradiating
specimens during the combustion process: (A --
body of the bomb; B -- needle; C -- commutator;
D -- specimen; E -- spring; F -- pipe connection

for an electron input)

Similar information was also obtained when studying the effects of
preliminary irradiation by X-ray with a dose of «» 1 mrad on the combustion
of ammonium perchlorate,

In order to irradiate the substance only on the surface layers, a

powder of ammonium perchlorate was placed in the zone of the high-frequency
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glow discharge in argon at a pressure of ~~ 1 mmHg. The vessel contaliring
the substance was cooled by liquid nitrogen and continually shaken, During
discharge, tne active particles (electrons, ions, ete¢) on’y affect the
surface layers of ammonium grains since the electron energy, apparently,
does not exceed several tens of electron volts,

During the combustion of specimens, prepared from powder irradliated
in this way, at a pressure of 10 atu there is a reduction in the temperature
limit of self-sustaining combustion. Treatment of the powder in plasma for
several minutes would have been equivalent to irradiation by fast electrons
with a dose of 100 mrad, At a pressure of 40 atu, surface irradiation in
glow discharge plasma as opposed to experiments with fast electrony, showed
a significant increase of combustion rate (by 20 - 258) over the whole
investigated range of initial temperatures (Figure 4), Storing the specimens

of irradiated ammonium perchlorate for ten days did not cause any noticeable

change,
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Fig. 4. The dependence of combustion rate of ammonium per.
chlorate on the initial temper-~ture wien p = 40 atu
(fraction 50 - 100 um): 1 -- irradiation of a
powder in a discharge plasma; 2 -- witheut irradiation

Key: a. mm/sec
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The efisct of preliminary treatment of ammonium perchlorate in a
olasma also ca.sed the increase of the combustiva rate of a stoichiometric
mixture of it with polypronylene by 20% at a temperature of 40 atu and

room temperature,

Discussior of results

The informatic obtained on the effect of preliminary irradiation of
ammonium perchlorate on cowmbustion vate, in our opinion, clearly shows the
important role of processes taking place in the condensed combustion zone.
The greatest effect is obtained for poorly penstrating radiation -- in
glow discharge plasma, This feature has a natural explanation in the complex
mechanism of radiation effect. Radiolysis of ammonium perchlorate crystals
increases the thermal decomposition rate of a substance and, as a conssquence,
the dispersion process of crystals during combustion ie intensitied. From
formulas (1) and (7) it follows that the combustion rate in a model with
dispersion depends on activation energy according to a power law, on the
multiplier logarithmically, chat is, the dependence of combustion rate on
the kinetic parameters is reduced. If the whole volume of the crystal is
irradiated, as took place with rapid electrons and X.rays, as a result of
the interference of these facitors, the combustion rate is practically un.
changed. Only when there are large irradiation dose:z (300 . 400 mrad) is
there a raduction of the temperature limit in small pressures, and a small
increase in the combustion rate, Obviously, in extreme combustion conditions,
the relative role of kinetic acceleration, caused by radiation, is especially
important., The decrease of irvadiation effect with the reduction of ammonium
perchlorate particle size, apparently, is linked with the increased role of
"natural" defects in finely dispersed powder with respect to defects occuring

during irrauiation. When the deose is increased io 400 mrad, the level of
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imperfection in crystals of different fractional composition becomes
identical, and causes almost cne and the same limiting temperature value
of sr”f-sustaining combustion {Fig, 2).

Surface irradiation of ammonium perchlorate grains {in discharge
plasma), during subsequent -ombustion of specimens, causes an increased
»eaction on the surface of grains, but, apparently, does not affect the
dispersion rate .- this can explain tho observed increase of combustion rate
in this ecase,

This effect is identical for ammonium perchlorate and its mixtures
with combustibles. This shows th2 important role of decomposition kineties

of ammonium perchlorate for the coubustion process of mixture compositions,

Conclusions

1, Analysis was made of the effect of reaction in the condensed
phase and the phenomenon of removal of a substance {sublimation, dispersion)
on the combustion rate,

2. The effect of different types of lonizing radiation was studied
on the combusticn of ammonium perchlorate and its mix..res with combustibles
at different pressures and initial temperatures,

3. The results obtained agree with theories on the important role
of processes taking place in a condensed zone, and in establishing combustion

rate,
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