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DEVELOPMENT OF REACTION CENTERS WITH THERMAL
DECOMPOSITION OF ORTHORHOMBIC AMMONIUM
PERCHLORATE AND THE ROLE CF DISLOCA-

TIONS IN THIS PROCESS

A. V. Rayevskiy, G. B. Manelis

Studled in works [1, 2] was the topography of the decomposition
of separate crystals of orthorhombic NHuClOI4 directly 1n tie course
of the reaction, the assumption 1s discussed about the participation
of" the dislocations in thls process, and preliminary research 1s
conducted on dislocations in erystals of ammonium perchlorate.
Recently in literature there agaln has appeared a vast amount of
vorks [3, 8] devoted to Lhe research on the topography of decom-
positlon of NHu010u. The Interest In thls question 1s clear, siuce,
on the one hand, all the proposed models of the decompositlion of
NH,JICIOLI must explain the topography of decomposition, and, on the
other hand, the data obtalned from microscopic observations can
substantially aid in the creation of a new model. In work [3] it
was indicated that, unlike our results [1], the movements of the
nuclel in the zone of reaction was not observed. However, as it
seems to us, the movement of the nuclel is a very important feature
in the development of the reaction of the decomposition of the
orthorhombic crystals of NHMCIOu. In work [4] the features of
topography are explained by the internal cracking of the crystal,
the movement of the nuclel 1is contradicted, and their rapid rcar-
rangement is discussed; the role of the dislocations is not cxamined.
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In connection with this we conducted a more detailedr research on

the topography of the decomposition of NHHCIOH erystals, during
which special attention was given to features of the development

of reaction centers (zonal naiure of the course of reaction, the
movement and the multiplication of the nucleil In the zone of
reaction) and, -in connectton with this, the role of the dislocations
‘in this process. In this report the basic results of the perform:d
work are briefly set forth.

Crystals of NHu010u grew according to the method described in
work [1]. Decomposition was carried out under isothermal conditions
(temperature range, 196-235°C). All the observations and photo-
graphing were conducted with the ald of a microscope directly in
the course of the recactions. 1In the necessary cases stereomicro-
photography was used. Etching was implemented 1In a vacuum heating
stand because of sublimation direcctly in the course of the reaction.
Kinetic measurcments were conducted in air on the microbalance
ATV-3 [5]. It was noticed that during the inductlon period some
crystals became turbid unevenly. The turbid sections consisted
of a large number of immoblle semi-transparent sphercs (diancter,
<! un) loested by chains alon~ the diroctton [310] of the crrstal,

The eryutnl sueface ¢ither romained

writhanee i opr wan elehad boeaune or

Doanoaubtiralicon, Taoe Deelueuion
period was Tinished as soon as
conters o Lthe deconposition began
to appear. Thoy were formed both
near the surfacc (at a depth of
10-30 ym) and in the space of the
crystal (Fig. 1). The developed
centers had the form of ellipsoids

Figure 1. Stereophotograph
of a NHuClou crystal in the

process of decomposition
(dark field). tionary nuclel surrounded by the zonc

of reactlion in which the movement and

of revolution and consisted of sta-

multiplication of the nuclel with a diamcter of <2 um occurred.
Thls naturec of the developmeni of reaction leads Lo assumption about
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the participation in it of dislocations - immoblile ones which were
formed with the crystal growth (during the induction period), and -
moving and decomposihg ones in the zone of reaction (with an increase
in the centers of decomposition).

7-230°C ! For an explanation of the role of

1ol dislocations additional experiments were
carried out. Thus the decomposition of

the crystals of identical habit and weight,
after preliminary etching for determining
the average dislocation density, was
investigated with the aid of thermo-

| balances. Curves of the dependence of the
degree of decomposition on time at a 4if-
ferent average dislocation density are

n : L
100 200

t, min

Figure 2. Dependence
of the degree of de-

composition on the given on Flg. 2. However, these results
time of the NHH010M

crystals with a dif-
ferent average dis-

should be examined only gqualitatively.
The section of the crystal in the region

location density: of the developed center was etched by

1l - ~102 cm"z; 2 - sublimation (Fig. 3). One should note
103 cm—z; 3 - 10” the conformity of the pits of etching to
Cnre; 4 - 10° cm“g; the nuclel and their increased concentra-
5 - 105 cm"2. tlon near ths center of the decompositlon.

The movement of the nuclei in the zone of
reaction with an increase in the center of the decomposition is
shown on Fig. da and b (microphotographs with exposures: a - 2;

0 - 90 s). The tracks which could be formed only in the cases of

the movement of the nuclel are clearly visible. By the direct
calculation of the density of the nuclel in the zone of reaction

(on the photographs) there was determined the temperature dependence
of the width of the zone in direction [010] with the simultaneous
measurement of the ratz of propagation of the zone (rate of growth
of the centers). While the activation cnergy for the width of the
zone was changed from one center to the next and lay in the interval
of 5-15 kecal/mole (on the average, about 10 kcal/mole), the
activation energy of the rate of movement of the zone remained
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Figure 3 Figure 4

. Figure 3. Photograph of a section of the crystal
with a developed center of decomposition (re-
flected light).

Figure 4. Microphotograph of the center of de-
composition.

constant for all centers and equal to about 30 keal/mole. Figure 5
shows the change in density of the nuclei uin the wldth of the zone
for the same center (photographing of the density of the nuclei

was produced after the establishment of the constant rate of growth
of tha center at the assigned temuerature). The possibility of the

arvaarancs of now dlslocattors under e seotior of rochanteal

m

N3

treuges, which are lMocned bocvaugse of Lhe accunal~siion of decon-

nostdlon r@EsTuels tn the ghecaial oourmg @eestoads iy e Foo Yot

The cryaenals wrere frradiased Lo veohe of Serays 0.2

x

CcrrLrlmenc.
i in diamever, and then trey were subjecued to heating up to 160°C.
Arter the development of the reaction in the radlation zone (obut
bet'wre the appearance of the usual centers of decomposnition) the
latter was investizated under a microscope. Plgure 6 gives a
stereophotograph of the irradiated zone with chains of dislocations
cambered in the direction [010]). By dissolution of the eutectic
NHMCIOH-LiCIOH of the section of the ¢rystal which contains a small
number of nuclei and a comparison of the spaces of the nuclei and
the gas bubble formed in the solvent, thc pressure of Lthe gaseous
products in the nucleus appearing in the course of reaction is
determined. It proved to be equal to about 20 kgr,f‘/cm2 at 225°C.
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Figure 5 Figure 6

Figure 5. Change in the density of the nuclel in
the zone of the developmert of the reactiorn of
NHHCIOH decompositions at different temperatures.

Flpgure 6. Stereophotograph of the section of the
crystal irradiated by the X-ray probe.

Taking into account the facts given above, it 1s possible to
describe the development of the centers of reaction in the following
manner. Because of the facilitation of the reaction on the dis-
locations, the process occurs boih on the stationary dislocations
(Lvotietion vertod) and on those which are noving (period of
e aration, deveinunent ol reaceuloa zenters). A prowth in the
SENT v goolsy e created are oontltions Tavorable {or the

toend cuiniclicavion T distecnSions vadisr the actiion of
poanundesl o caes boecauws of the zeouamulatlion of veoaction
proddets occurring In the extended zone. It ls possible to assume
1t one of Ly veasons for the stor of the growth In the nuclet
is the braking of the reaction with the accumulation of products
in the nucleus under high pressure (reaction in the "closed
volume" [6]). Movement of the dislocation can facilitate the
transfer of products from the zone of reaction.
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