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In the study L 1J concerning the measurement of the concentration of 
positive and negative ions in a flame of ammonium perchiorate (a. pc), it 
was determined that in the reaction layer of the flame jet there is an 
ionization zone in disequilibrium. This zone is caused by physical- 
chemical processes of decomposition of the condensed phase. The concen- 
tration of charged particles in the zone of the chemical reaction at a 
relatively low temperature of 8OO-I3OO0 K reaches lO^'-lO10 cnH. The high 
degree of ionization, ß   = 10" -lO"^ shows that the gas in this zone is in 
a plasma state tj£ .j.  , i.e. the Coulomb interaction between charged 

particles is comparable to thermal energy where r is the average distance 
between the ions), 

A correlation was established between the speed of ionization and the 
speed of formation of Schottky effects on the surface of a. pc. crystals. 

The present study is devoted to the explanation of the formation of 
the ionization zone during combustion of a. pc. and to the determination of 
quantitative relationships between the different kinetic regularities in 
the condensed and gas phases during decomposition (combustion) of inorganic 
oxidizers. 

W.',th this ;iijn in mind, measurements were taken of the electric 
conductivity of a. pc. in the condensed phase during the process of 
combustion. The experiments were conducted with an atmosphere of nitrogen 
and a pressure range of from 200 mm of mercury column up to 100 atmospheres. 
The charges were prepared from two rectangular tablets with dimensions of 
30 X 30 X U mm and a density /• = I.9U - I.96 g/cm3.  Between the tablets 
probes 0: tungsten-rhenium wire were placed at a distance 1=2 mm. The 
difference in potentials applied to the probes varied, in relation to the 
conditions of the experiment, within the limits of 0-50 v. The temperature 
of the flame was measured simultaneously at a point on the location of the 
probes by a thermocouple.  In separate experiments the probes themselves 
were used as thermocouples, and the spead of combustion was judged by the 
change of pressure in the bomb. 

In crystals with Schottky defects, the number of vacant cation lattice 
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points is equal to the number of vacant anion lattice points. In the case 
of Frenkel defects, the number of ions in the interstices equals the number 
of holes. As was shown by Mott and Gerni C2] , the conductivity is 
determined by the former defects at high temperatures and by the latter 
defects at low temperatures; however, in both cases the expression for 
electrical conductivity ts ,  with an accuracy up to the constant factor, can 

be expressed in the form      a = ^ exp(-£/*r). (1) |' 

Only the defect activation energy E can vary to a significant degree (A = 
constant; T • temperature, °K; ft = Boltzmann constant). Prom this it 
follows that the expression    ...  »*».» *•*».*,   r 

d(\naT)/d (\lkT)=—E (2) 

determines the activation energy of the decomposition process. In fig. 1 
the results of the measurement of electrical conductivity of a. pc. in the 
condensed phase (in the warmup and reaction zones) during combustion in an 
atmosphere of nitrogen at p = 200 mm mere. col. are plotted against inverse 
temperature. As can be seen from fig. 1, the change of activation energy 
in the temperature range of 200-300° C is approximately twice as small as 
in the range of 300-^50° C and is on the order of 0.7 ev and 1.5 ev, 
respectively. In one study 3 measurements were taken of the relation 
between electrical conductivity and the temperature of monocrystals of a. 
pc.  In this study four different regions were discovered in which the 
magnitude of the activation energy fluctuates between U5 kilocilories/mole 
at a temperature  255° C and k  kilocalories/mole at temperatures less than 
92° C. After taking the a. pc. crystal out of the electrical-conductivity 
measuring cell, it turned out that the crystal surface in the vicinity of 
the positive ele^rode turned opaque, while the rest of the crystal 
maintained its original transparency.  If an a. pc. crystal is subjected to 
similar thermal action, but without the electric field, then it will become 
completely opaque.  In the low-temperature region this effect can be related 
to the formation of the ammonium ion NHj (the size of N'lJ is small in 
comparison to ClOjj) and to the introduction of NTty into the lattice inter- 
stices (Frenkel defects). In the high-temperature range, ^^OO0 C, 
Schottky defects will predominate. The reason for the loss of transparency 
at the positive electrode can possibly be related to the presence or the 
ClOU ion. 

*5 
\ c 
\ 

.( 
\ 

.< 1 
* 

.0 

Fig. 1. lilectric 
conductivity of a. 
pc. in condensed 
state as a function 
of temperature. 

15 10      t,S 
W'/T 

Pig.   2.    Typical 
oscillogram record- 
ing of potential  on 
a.  pc.   decomposition 
surface with poten- 
tial  difference be- 
tween the probes 
equal  to :ero. 

1-time marks;    --recording of surface 
potential;     >-pressure  in bomb;    4- 
basc  line. 
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Based on the results given above, it can be concluded as a first 
approximation, that in the temperature range of 20-300° G the electrical 
conductivity is determined by the formation of NHjJ ions, and in the range 
of 3OO-U5O0 C electrical conductivity is determined by MJ and C10£ ions. 
From the point of view of trying to understand the mechanism of combustion 
of a. pc, the following result obtained in our experiments is of con- 
siderable interest. If the probes are spread out a fraction of a millimeter 
on the vertical plane of the charge, and if a potential difference is not 
applied to them, then at the moment when the reaction layer of a. pc. passes 
through the plane of the probes, a potential difference develops which is on 
the order of 0.3 - 0-5 v (fig. 2). Thus, during combustion of a. pc. a 
relatively large difference in potentials develops on the surface. 

Thus, v;e can note three significant results obtained in our experiments: 
1) the decomposition-activation energy of a. pc. ^rows in relation to 

the increase of the temperature in the warmup zone (the Michelson 
layer) of the a. pc. charge; 

2) a difference in potentials develops in the reaction layer; 
3) the gas which is directly adjacent to the surface of burning a. pc. 

is in a state of plasma. 

Discussion of the Results 

The idea of the formation of dissociated atoms and holes within and on 
the surface of crystals was put forward and developed in the studies of 
Ioffe C^3 and Frenkel [53 •  If a positive ion leaves the surface and 
penetrates an interstice, then there is a surplus positive charge in the 
inner portion of the crystal, whereas the surface loses this charge. The 
presence or' these intruding atoms creates strong electric fields in the 
crystal. However, the charge equilibrium in the crystal is maintained. If 
the positive ions do not leave the surface but rather move from the lattice 
points in the crystal. This defect is called the Frenkel defect. 

The energy of Frenkel defect formation is the sum of the energy of 
cation vacancy formation and the energy of intrusion of the positive ion 
into the lattice. Generally speaking, the Frenkel defect can arise in any 
of the sublattices of the positive or negative ions. However, since the 
dimensions of the positive ion are smaller, and since the positive ion 
creates smaller internal stresses in the lattice, the energy of Frenkel 
pair formation is smaller in the positive than in the negative sublattice. 
For this reason there is a predominance of Frenkel defects which are 
caused by the intrusion of positive ions into the interstices. If the 
vacancies are formed by means of a transfer of positive ions from the inner 
lattice points to the points on the surface of the lattice (diffusion into 
the crystal of the surrounding vacancy C63 ), then the surface is charged 
in relationship to the inner portion of the crystal. This transfer of 
charges obviously produces an increase of the energy necessary for further 
vacancy formation. Thus the number of surplus vacancies in one sublattice 
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is small. One may expect that the formation of cation and anion vacancies 
(Schottky defects) will occur in such a manner so that the electrical 
neutrality of the crystal will be maintained to the extent possible. 

In actuality, there exists a certain separation of charges which are on 
the surface and within an ion crystal like NHLC10J+. Since the NJfy ions 
differ in size from the C10£ ions, the energy of formation of a single 
vacancy in an NHlj. sublattice is smaller than the energy of vacancy formation 
in a CIO^ sublattice. Accordingly, the probability of the formation cf a 
cation vacancy, which can be determined by the Boltzmann constant and which 
contains the energy of vacancy formation exp ( — E/kT) ,  will be greater. On 
the surface of the crystal a surplus positive charge develops, while a 
surplus negative charge develops within. However, if the vacancies are 
mobile, then the total energy of the crystal reduces if surplus cation 
vacancies (they carry a negative charge) migrate to the surface and form a 
dipolar layer of Debye space charge with an excess of positive ions on the 
surface. At the same time cation vacancies wnich lie below this layer are 
neutralized. Thus the inner portion of the crystal again will have an equal 
quantity of anion and cation vacancies. 

We will make an estimate of the space charge, of the lattice defects, 
and of the potential on the surface of the burning a. pc. charge. We will 
assume that the following defects are possible in an a. pc. crystal: 
1) positive ions n^ move from the inner mass of the crystal to the surface 
(the diffusion of a negative hole); 2) negative ions r\2  move from the inner 
mass to the surface of the crystal (the diffusion of a positive hole); 
3) positive ions n, move from the surface to the interstice; u) negative 
ions n\i  move fron: the surface to the interstice. At first, as an approxi- 
mation, we will not take into account the decrease of the energy of NH^ and 
010£ ion formation. This decrease is caused by the interaction between the 
forming ions and the lattice points (Debye-Hilckel shadowing potent: 1). We 
will also disregard the influence oi'  ion concentration on the formation of 
ion pairs (associates). When there is no interaction between the defects, 
then their concentrations can be determined separately by the minimum 
condition of that portion of free energy (or thermodynamic potential) of 
the crystal which is caused by the presence of the defects C23 . 

It can be concluded that, as a result of symmetry the mass oi'  the 
nacrocrystal has a constant potential when it is in a state of thermal 
equilibrium. Accordingly, the space charge of the crystal mass is equal to 
zero. For this reason the difference in potentials, fo , between the 
surface and the volume of the crystal can be calculated iron the neutrality 
condition of the crystal as a whole 

where p is the density of the volume charge From Poisson's equation 

(3) 

di* 

p 

••• Ä _    ... 

with the lijnit conditions 57 — 0. x-^oo  and f = 0 at x=0 , and from 
equation (3), one can calculate the magnitude of the volume charge   (g 
- the dielectric constant of a. pc.3* 5; Eo = 6.81» x 10'^ *  U* 

X—CM:   y—b). 
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<p denotes the field potential at point x, which is near the surface. 
In order to obtain the energy of occurence of a defect at a corresponding 
(inner) point of the a. pc. crystal, we subtract the derivate of .'^< from 
the defect formation energies E, and Ejb, and we add the derivative to Ej 
and E-5. Under such conditions the volume concentrations of these defects 
can be written in the form 

/t,c/>texp^- \T ^J;  n, = «()cxp^ j^j; (5) 

F, -,'<f 

where T\Q  is the number of nodes (of ions) in a unit of volume (cm-J). In 
accordance with Schottky and Frenkel, we will consider that the interstices 
of the a. pc. crystal are too small to allow the intrusion of positive or 
negative ions (i.e., Eo and E^ are infinitely large magnitudes). As we will 
show below, this assumption does not in any way change the generality of the 
solution, but it does simplify the solution of the problem. 

Now, (3)-(5) reduce to the following: 

(6) 
with limit conditions. 

1/9 
(p = 0 npH x-0 H ~ =0; 

A ti   —  Lm 
if" =—;—"    lipH   X-+ 00. 

If a dimensionless magnitude is introduced 

kT 
t|) = _^^£.-A. 

then 
2MT 

9 •  6±& 

m 

we introduce 1 new variable 
(7) can be represented as 

*' 
ship 

(7) 

I —ax        md designate 

(8) 

•.^r' 
~2*T Then 

with limit condition« \p • 0: ^=0 npH \-* » H ij> • $„ 1 ¥«H. 
The first integral of equation (8) with limit conditions taken into account 
is 

With allowances made for the properties of the hyberbolic cosine, ve can 
write 

%—H- (10) 

Further integration gives the following expression for potential distribution 
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lne»p(-»/2) + l „,,.,  «P(~W2)+1 |t|| 
IMexp(-^)-l   ^ + ln exp(-^2)-j ' (ll) 

If the formation of defects n^ and n^ is taken into account, a co- 
efficient of V? is placed in front of %  in (ll). A consistent solution for 
(5) and (ll) determines the concentration of the defects as a function of 
the distance from the surface. 

Now let us make a numeral estimate of the magnitude of the surface 
charge B  , of the potential difference <\>0, and of the width of the surface 
layer of charge on an a. pc. crystal ds = l/a, la which the condition of 
equality of the defects 1" not met. 

If the assumption is made (cf. fig. l) that the energy required to 
transfer the positive ions n^ from the mass of the crystal to the surface 
is E, fS 0.6 ev, and that this same energy for the negative ions is 
E2 at 3.5 ev, then the difference in potentials between the surface and the 
mais of a. pc. will be 

\«^!^0,5v, (12) 

i.e., there is agreement in magnitude with the results obtained. Accordingly, 
in the region directly adjacent to the surface there will be a surplus of 
positive ion vacancies. This vacancy surplus has a negative charge, while 
the positive ions form a positive charge on the surface of the a. pc. 
crystal. 

The quantity ds = l/a, which characterizes the extent of the penetration 
of charge into the crystal, 

*"-(* 
|.r\0,l £il£j     0100 
&}    '"' -2.2-IO-«rf«P-r.     (I3) 

is presented in fig. 3- 

Thus, the neutrality condition n = no is met only at distances frorr. 
the surface of the a. pc. crystal which are large in canparison to l/a 
(when the concentration is small, l/a can be of the same order of magnitude 
as the linear dimensions oü  a. pc. crystals which make up the fuel charge; 
in this case the neutrality condition is not met at all). 

The magnitude of the charge <5 per unit of area can be obtained from 
equations (10) and (6').  since these formulas determine the field potential 
on the very surface and, thus, the charge magnitude. 

*-(%lr{2u<kTüIe)sh$T- m 



For an a. pc 
charges per euf^ (fig 

crystal at T • 700° K, we obtain, the value 6  = 1.1 x 10J 

14 i— ^„ i „„3 4). Since there are ~5 x 10±L*  ions in 1 cm-3 of sur- 
face volume, the absence of 0.2 - 0.3% of the negative ions is sufficient to 
create the necessary space charge. 

Up until now, although there are a large number of studies devoted to 
the combustion of a. pc. (references in the reviews [7, 8] ), there is not 
one that presents a concept of the mechanism of the a. pc. decomposition 
reaction. A number of investigators assume that the limiting stage during 
thermal decomposition of a. pc. is the transfer of an electron from a C10j7 
ion to an NHj, ion. Others conclude that the stage which determines the 
speed of the reaction is the transfer of a proton from the N'H^ ion to the 
ClOJJ ion. The authors of studies L9] consider that both mechanisms occur. 

Fig. 3. WMth or 
the layer of space 
charge as a function 
of temperature. 

i j 
Ö* 4 t 
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•0 

9 / 
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/ 

0 

Fig. 4. Magni- 
tude 0:' surface 
charge  as a 
function of 
temperature. 

At relatively low temperatures there is an electron transfer.  In the high 
temperature range there is a proton transfer. It is proposed that these 
reactions occur in the solid phase. 

As is seen in the results presented above, the most probable limiting 
stage is the stage of defect formation (the role which dislocations play 
in thermal decomposition of NH^ ClO^ crystals is treated in studies £3, 7] /) 
und defect association» />ince the (reactions,' described Is*», related to the )  £ * —• ; 
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transfersA/these reactions must occur on the surface where the probability 
o a .inverse process is reduced to a minimum. 

Accordingly, the anion and cation vacancies forming within the a. pc. 
crystal will most probably associate with the formation of ion pairs 
(neutral dipolar molecules), if we disregard the possibility of migration of 
the vacancies to the surface. This association is advantageous fraa the 
energetic point of view since the total energy of the crystal is reduced.  In 
study £10] it was shown that in solutions with high concentrations of ions 
(in our case, defects) a state is realized in which the Debye sphere con- 
tains only one ion, which is of the opposite sign of the central ion.  In 
this case the formation of a pair (an associate) is more likely than the 
formation of a central ion with the atmosphere. 

We will estimate the quantity of ion pairs forming as a result of the 
association 01" oppositely charged ions. 

Assume that there are N lattice points per unit volume. ns is the 
quantity of unassociated ion pairs (an estimate of the speed of formation 
of Schottky defects is made in study Cl] ). n is the quantity of 
associated ion pairs. Wa is the association energy for one pair. Z is the 
number of possible orientations of the group. The free energy F (or Gibb 
potential) can be represented as 

F^-tuWa + kT'nPf., (15) 

where In P^Pp is the configuration enthropy, Pj_ is the number of different 
ways of distributing the associated ion pairs in the lattice 

and ?2  is the number of ways of transfering the remaining unassociated ions 
into the (N-na) lattice points. 

't-TTT- (17) 

I «a!<*-n.)l ' 
;he r« 

-{nr-na)\(N -lni   -r«n) I ' 

Substituting (16) and (17) in (15) and talcing Stirling's formula into 
account,  we obtain 

f = - n.W* - kT\n.lnZ + N \n X - n.\nnt + nm -2(/TS -«.):< 

x lit(As-ii.) + t|»f -«,)-(*-*,  rrt.J'lnitf-^ 4-«.)- W 

The concentration of associated vacancy pairs can be obtained fran the 
minimum energy condition: (il) -Ü. 

— «j=-ln/ • In f-   -iii(»     -«.)'( In .V -«». 
Assuming that    t\>„#;„, 

».A 
•|.|W, 

(19) 

I« - *J 
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Designating the extent of defect formation as I1 ~ ~  , and the extent of 
association as tm *• . equation (19) can be represented in the form 

"£ »,, 
~r - pfttF . '   (20) 

When deriving equation (20), interaction of the defects among themselves 
and with the lattice points was disregarded. One can discount this inter- 
action on the basis of the Debye-HÜckel theory, which means that the energy 
of association Wa decreases. In accordance with these factors, one can ex- 
pect chat the extent of association  obtained above will be somewhat less. 
As a result of the interaction, the effective enthalpy of defect formation 
will decrease, and accordingly, more defects will form. 

Unfortunately, the energy of a. pc. lattice formation is not known. 
However, if we proceed from the dota for salts such as NHLCI, then the 
energy for a. pc. lattice formation should be on the order of 100-150 kcal/ 
mole. It is known that the energy of ion pair formation Wa accounts for 
~0.7 of the lattice energy. Therefore, with (^i0"

2-!0 3 [I] and Z = Gf!0 , 
the right half of eauation (20)    v^± 

\\ZekT      1 

Accordingly, the degree of association  of the defects forming in the a. pc. 
crystal will be close to one. 

As was shown above, the a. pc. decomposition process proceeds through 
defect formation.  Some of these defects ;'orm a 6pace charge as a result of 
transfer to the surface. Other defects form associates (ion pairs) which 
pass into the cas phase or dissociate near the surface and form radicals 
or products such as HClOj, and NHn. These ion pairs can al ,  form a space 
charge near the surface (a low-temperature chemical plasma). 

We will make an estimate of the concentration of ion pairi. occuring in 
the gas state. We will assume that the quantity of associates in the solid 
phase na and in the gas phase ::p  remains constant: 

««-Mr3-«. (21) 

The free energy of the condensed phase of a.  pc.  Fft can be written in the 
fonr. 

'— 4^£+(»*äP1 

Here it is assumed that the ions are in a quasi-crystal state and have 
three degrees o: vibrational freedot. We will disregard the aegree of 
rotational freedom. The free energy of the gas phase 

p,-«,r,-«,*r[ii^),i-ta«,+i]-»rji**»p,     (23) 

where Kp is the vaporization heat o: one \or.  pair; Trota the condition of the 
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rr.inimum of free ene:r->sy 
( iJFll) (iJFa) 
dn + Jn 

i T,l',n II T,l',n 
=0 (24) 

·,.;e obtain 

(
2n.,kT)3.:!(f') lzw )~ _wR' n 

n1 = -~ , sh '2k'l' e 11r ; , (25} 

· . .;here m ~:; the mass of the ion pa..i.1·, Hg = U 0 - Wa is on the order of 30 
Kcal/mole, T ~ 700° K, Jy.,;_ '":: 3-4, and according to the estimate 
:nade in [ 1] , the ratio ";; z 211

7' ~ iz on the order of lo-1-lo-2. Con­
sequently, as cag be seen from eq~at~0n (25), ng will have an order of 
:nagnitude of 1ol -lol7 cm-3. From this information it becomes clear, from 
the point of view of energetics, how a \"''ilemical pla.:::ma in the gas phase can 
f'orm at such a low ... emperature of 1000° K. The fa.ct is that the 
dissociation energy of ion pairs (associates) of a. ~c. is on the order of 
2-2.5 ev; i.e., this energy is much lower than the potential of ionization 
of combustion products such as NO, CO, HCl, etc. If one also takes into 
account the decrease of dissociation energy cb.used by the interaction of 
dipole molecules and ions -v %

1

.u~0.6-0. 8 ev (JJ. is the dipole moment, e is the 
charge, r is the approach distance of the molecules and an ion) in the 
plasma, then the dissociation energy can t~rn out to be equal to 1.0-1.5 ev. 
;~ow ·-:e will give an estimate of the width of the ionized layer in the flame 
jet of a. pc. 

In this case, Poisson's equation is written in the form 
Wa-ft';> Wa -~ 

6qJ ..... - 1'~: ( e- H + e ·- liT ) (26) 

with the liwit condition 
solution will be analagous 
characterizes the width of 
jet 1 is equal to 

0 £,-£ 
IJl= at x=O ~ «ro = 2e ' -lt z-oo Th~ 

to that of (6). The magnitude dg, . ..,.hich 
the ionized zone in the gas phase of the a. pc, 

(27) 

.A.t T = 1000° K we have d = 0.5 mm. This order of magnitude (if we account 
for the fact that accura~e values of U0 , Wa, and Wg are not known) agree 
with the width of the ionized zone f~und during combustion of a. pc. in a 
vacuum (P = 200 mm of mercury column). In fig. 5, a narrow:-luminous strip, 
which is about 1 mm wide, can be seen above the combustion surface of the 
a. pc. ·-~harge. 

From the results preser:t~d above, one can conceive of a possible 
:nechanis:'l of combP.stion of ammonium perchlorate (fig. 6): 

1. In th~ ·,.;o.rmu.p ?.one of condensed phase there is a formation of 
negative and positive :~on dei'ects. The ions form a space charge of high 
conductivity in the r~r:..(;tlon la:7er of the a.. pc. 
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2.  Since exchange reactions are hindered in the layer near the sur- 
face, the association of ions occurs with a formation of ion pairs since 
this formation is more advantageous from an energetics point of view. 

L 

f y- 

'•'\ N 

:\/ 

* — j 
Fig. !>. Combustion of a. pc. at 
p • 200 ma of mercury column 1 - 
zone of chemical plasma; 2 ammonium 
perehlorate; 3 - fuel layer. 
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3. When the associates come out onto the surface of the a. pc. crystal, 
they dissociate and form radicals of the type like ClO^ and NH^ or HCl^ and 
NHT. Zones of ionization in the gas phase (chemical plasma where   tajr==jij ) 
are formed from these surfacing associates. 

Now let us examine how the speed or" combustion of a. pc. can be effected 
by the physical-chemical processes which occur in the condensed phase Of the 
a. pc. crystal. 

From the first portion of this study, it can be concluded that the 
limiting stage of the combustion of a. pc. is most probably the defect 
formation in the condensed phase.  Tn accordance with the studies of 
Zel'dovich and Frank-Kamenetskiy [11] n we will assume that the formation oi 
iefects and the ensuing chemical reactions which liberate heat occur in a 

Zvni    1 ZCH« 

I     cm; »*®* 
NHj 

^.cio.-r^;/ 
NH; 

| NMJCIO;- 
~"CIO; 

Cut 

Fig. 6«  The pro- 
posed scheme of 
a. pc. decomposi- 
tion. 

narrow zone near and on the surface of the burning a. pc. at a temperature 
T%. Using the substance-balance method C127 and assuming that the reaction 
is accompanied by the formation of only one interstitial product (Schottky 
defects), we can write: 

«/*,=} n,Zte  W*,      (28, 
o 

where u is the speed of combustion; n and n, are the numbers of a. pc. 
molecules and defects in a unit volume, and 2. is the pre-exponential 
factor of a aonomolecular reaction.  It is necessary to decide on one im- 
portant circumstance:  the dependence of energy E, upon the volume of the 
crystal v and, consequently, upon the pressure, temperature, and concen- 
trations of the solvents which are formed as end products of combustion 
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(for example, at a certain pressure and temperature, water can condense on 
the combustion surface of a. pc. £13'] ). Then with a change within limits 
which are not too wide, the dependence of E-, upon v can be represented by 
the linear relationship 

f. "ofw^-T^-Yl Tr. (29) 

Here vQ is the volume necessary for one molecule (atom) at P = 0;  is the 
coefficient of thermal expansion; K is the modulus of compressibility of the 
crystal;  ß, y  , are the proportionality constants; and c is the concentra- 
tion of the Solvent. 

Using Frank-Kamenetskiy's exponent exDansion method and substituting 
(29) in (28), we obtain f^„„/v «feg , T 

where x is the thermoconductivity coefficient, and  B|• "  ° p—(Ta — TJ    . 
RT- 

Jsing a simple approximation of the calculation of the energetic con- 
ditions in the crystal lattice, Jos» [l'+l estimated the order of magnitude 
of the additional factor  S&. tnt 

e  * > 10' 

As we see, the factor s       •      can make a significant contri- 
bution to the concentration of defects n-,. Since the given estimates show 
that ihe reaction zone measures hundredtr.s of a millimeter at high tempera- 
tures and that the reaction itself occurs near or on the combustion surface 
of the a. pc. crystal, it is possible to assume that the diffusion co- 
efficient D -  0. Then the speed of combustion can be found from the 
equation of the balance of the original material n0, assuming that the con- 
centration of the interstitial product is equal to its maximum value n,. 

In the case of a bimolecular reaction 
.'{<'. if.V>|    arji + ir> * > 

un .-nilztef   ~WT^~ 9 
o-, 

where t^ and Z are the activation energy and the preexponentiftl factor of a 
bimolecular reaction. Carrying out the expansion of the exponent and calcu- 
lating the integral, we get as a final result 

:» \i< 

ml***) 
£, 0 a-ti-(Tn-Tt). I   RT2 ./ 
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The speed of combustion of a. pc. will be determined by the physical- 
chemical processes occurring in the condensed phase of the crystal. 

Submitted on 1/3/72 
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