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(Leboratory of Gas Reaction Kinetics)

A Tnvestigation of the kinetics and mechanism of the
decomposition resction, and alsc the regularities of the
enflaming and explosion reantions of ozone has considerable
interest for the theory of chemical kinetics. The compar-
ison of the kinetics of slow reactions with the regulari-
ties of enflaming, combustion, and explosion of ozone makes
possible a test of the theory of these processes. The sel-
cetion of the reaction of ozone decomposition as an Ob-
ject of study is accounted for by its relative simplicity
which makes it possible to establish that the mechanism
and kinetics of this reaction is not substantially varied
under conditions of combustion and explosion, while at the
same time more complicated resctions studied for this pur-
pose show a characteristic change 1in the reaction mechanism
in the transition from & low-temperature reaction o com-
bustions

¥inetics and Mechanism of the Siow Reaction of
Ozone bDecomposition

The ozone decomposition reaction has stirred up es-
pecisal interest in investigators in regard to the fact that,
on the basis of data on the quantum yield of the photochem-
ical reaction one can assume the existence in this process
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.of chain resctions. Hawaver$ a small excess of the gquan-
ctum yield owver the value n = £ during gaseocus-phase decoms
posit;on has made this assumption somewhat doubtful.
: In spite of the considerable number of studies, thé
| kinetiecs and mechanisin of the thermal decomposition are
still not fully underatood. In particular, varicus studies
have resplted in various values for the energy of activa-|.
tion (from 18 to 31 keal). %t has not been clear why the

pre-exponential multlwller of the second-order constant |
exceeds by 100 - 1000 times the number of binary collisiohs.
Several investigetors have eiplaimea this fact by the ex-
istence of cheln resctions; others have related this result
- to the involvement of internsl degrees of freedom in the '
.sctivation. However, both points of view have not been
sufficiently substantiated. : 1

Farlier works deveted to the study of ozone decom—f;
;posmtlon have béeri examined in detsil by Kassel'(l). In |-
recent years a number of new studies have been published
idevoted to the study of the explosion properties(2) and
‘the combustion(3) of ozone. A study by Benson and Axworthy
ihas recently appeared, devoted to the 1nvestigatlon of the
'kinetlcs of the thermal decomposition of ozcne(@) "How=
sever, this study does not contain new data that is essen~
itl&l for the clarification of the reaction mechanism.

The first question which arises in a study of the
1mechanism of ozone decomposition is the question of the
iexistence of chain reactions. Chain reactions can exist
fowing to the excited oxygen molecules formlng in the- pro-
cesses- ,

@)
.(2}

: An atom chaln reactian can exist on the baqis of
the process

(3)

iand p%o“ees (?}. :
j We believe that chain reac*icns can more clearly

"appesr in the photochemical- decomposition of liquid ozone|
‘inasmuch as the associated liquid {which is the state of
‘liguid ozone) provides more favorable conditions for the
.effective trensmission of excitation energy through the

‘molecules than does the gaseous state. Measurements have
been ecarried out(s) of the quantum yield of the ozone de=-
lcomposition reaction in the liquid phase at ~18%0 C. As

wa-result of these. exya**imentsit_ has.h&an&srahhﬁh.emm :

)
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the value of the guantum yield is approximately 20 molecules;
at the same time according to ocur measurements the value of
the quantum yield in the gaseous phase is about three, and
according to the data of other workers, it is from two to
six molecules per single quantum. Thus, in the liquid phase
the photochemical decomposition of ozone evidently occurs
essentially on the basis of atom chain reactions in the-
mechanism. However, starting with the value of the quantum
yield of the gaseous-phase photodecomposition reaction of
6zone it is possible to show that in the thermal decomposi-
tion of gaseous ozone chains play practically no significant
role.

A characteristic feature of the ozone decomposition
reaction, which up to the present has received relatively
little attention is the change in the value of the kinetic
constants as a measure of the subsiding of the process, ‘
that is, change in the ratio of oxygen content to ozone.
This is related above all to the measured energy of activa-
“tion in the reaction., Figure 1 shows the activation energy -
as a function of the ozone content in the mixture. The
graph displays a plot using our data(6)and data obtained
by other investigators(7-11). From the data presented it
is clear that the effective activation energy varies as a
function of the composition of the mixture, from 18 to 30
kecal. In the interval of ozone concentrations from 15 to
70 % the energy of activation is practically constant and
is 24~-24.,5 kcal.

The pre-exponential multiplier of the second-order
resction rate constant also is a function of the mixture
composition. The corresponding data is displayed in figure
2. The number of binary collisions uﬁger conditions of
the experiments is of the order of 107~ . In concentrated
ozone mixtures, therefore, the pre-exponential multiplier
is less than the number of binary collisions by 10-100
times, and in diluted mixtures it is larger than the number
of binary collisions by 100~10000 times. In the interval
of ozone concentrations 15 to 70 % the pre~exponential mul-
tiplier is practically constant and is larger than the num-
ber of binary collisions by approximately 100 times (1.5x
x 1013 1/(wole)(sec). ' Similar-results have been obtained
also in other studies.

The dependence of the energy of activation and the
pre-exponential multiplier on the mixture composition (or,
which is the same, the extent of change) . is evidently re-
lated to the fact that the specific weight of wvarious ele-
mentary reactions which have different energies of activa-
tion and a differeént pre-exponential multiplier varies as
the ratio between the ozone and the oxygen contents changes.
We will look st the most probable elementary stages of ozone
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decomposition, and at values for the energies of activation
(E) arnd for the pre-exponential multipliers (ko) that we
obtained for several individua} stages: .

@ Ry, 4/ moai- ek £, xxaa

L OO0, —» 80, . 4,5.109 18 :-19
2. A Mes 0,404 M — 25--26
3. 0 4Oy ~» 20, 2,3. 109 5,0
4. O 0,4 M . 04 M -
5. Oy O = 20,40 _— e
6. O+ M — O+ M — -

LEGEND: A -- kg, 1/(mole)(sec); E, keal

Hefe’ﬂ cah'represent either a molecule of O, or 02,
or a molecule of any inert gas. If excited 02 molecules

are formed in reactions 1 and 3, then a chain reaction is
possible, which consists of reactions % and 5. 1In this

case processes of deactivation can also play a part (re-
action 6). :
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"LEGFND: A -- FEnergy of Activation, kcal; B -~ O5

content, %; C -- Fig. 1. Energy of Activation as Function
‘of Mixture Composition; D -- 1 — Data of Schumacher and




LEGEND (continued): Glissman(7); 2 - Data of Benson
and Axworthy(4); 3 — data of Clement(8); 4 — Data of Grif-
£ith(9); 5 — Data of Wulf and Tolman{10); 6 — Data of Gar-
vin(11). ~(Remaining points on the curve are our data(6));
E -~ Fig. 2. Pre-exponential multiplier of the second-
order reaction constant as a function of ozone content in
the mixture. : ,

The bimolecular reaction 1 obviously has a smaller
energy of activation than reaction 2 for which the energy
of activation must be not less than the dissociation energy
of a O5 molecule, that is, about 24 kcal/mole. The value

of the energy of activation of. 18-20 kcal, varying in the
decompoeition of concentrated ozone, evidently is condi-
tioned on the predominance at the start of the reaction of
elementary reaction 1. The pre-exponential multiplier

o)
107=- lOlO ig 1 - 2 orders of magnitude less than the number

of binary collislons. This fact corresponds to the usual
value for the steric factor in. such a reaction (of the
order of C.1 — 0.01). Parallelly with the ozone decomposi-
tion reaction 1, in pure or Very slightly diluted ozone
reaction 2 can also occur. Tn this case M represents an
ozone molecule. At comparatively low temperatures reaction
o evidently is less effective than reaction 1, since reac-
tion 2 requires a greater energy of activations The de-
composition of ozone in reactieon 2 proceeds through colli-~
sions with oxygen, therefore the role of reaction 2 becomes

more important as a measure of oxygen formation. This

must leasd to apn increase in the effective activation ener-
gy, which has also been observed in experimentation. When
the oxygen content is 15 —~ 20 %, reaction 2 arising from
collisions of ozone molecules with oxygen molecules evi-
dently becomes predominant.

The scheme presented above for the process corres—
ponds to the following equation for the reaction rate:

41031 _ g i+ Rejmiod
Ve 2108 =98 (O + 5 Wl [OM - 4
e | 7?:”*"'5‘;{1,"”5;’! (0] - ®

Here_kj = constants of the corresponding elementary stéges.
when (O, 7 = O and under the condition that excita-

tion processes do not play a part, equation (4) is reduced
to a second-order equation

Va2t k) OF (5)
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At relatively low temperatures when reaction 2 based
on collisions with ozone is not observed, then the second-
order equation is satisfied but with another effective con-

stant: O
Vo= 2@1[ 3] (6)

From equation (6) we can evaluate approximately k1 from

data at low temperatures which is related to the initial
reaction stage.
When [53 7 59’/51 7/, where we can assume /O E-A

Aacongt, equetlon {4) also is converted into a second~
. order equation but with a much more complicated effective
- "constant“ of the second-order reaction:

, 2k b ‘
V|on + Ell o= k10, e

From the data for the intial period of the reactlon
according to equation (6) at temperatures up to 100° ¢
we can obtain a valg@ of the pre~exponential multiplier,
for kl, of 4.5 x 107 1/(mole)(sec) and an energy of activa-

tion of 18 ~ 19 kecal. The ratio Ea: is the equilibrium
constant for the dissociation reaction O;e= O, + 0. Using
* -

the values of k' obtained for ozone decomposition in dilut-
ed mixtures containing 2 ~ 3 % O5 and adopting for k2 the

values obtained for the initial stage of the reaction, and
also for k /K data from the thermodynamic equilibrium(4),

it is posolble to calculate the values for k5 at various

temperatures. The calculation has yielded for reaction 3
an energy of activation of 5 + 1 kcal.

Attention is now turned on the closeness of the
values for the pre-exponential multipliers in reactions 1
and 3 while the energies of activation are widely separated.
This indicates that the steric factors for both reactions
are close in value.

Ke le] look at the possible explanation for the
fact thst the value of the pre—exponentlal multipller for
the second-order constant surpasses the number of blnary
collisions. Under conditions in which equation (7) is sat-
‘isfied, thst is, in dilute mixtures and at relatively high
temperature

N
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Consequently 2&&
225

k ~ Ttozi

Inserting values for ky and k,/k,,and for 152_7, we obtain:

. 260 =500 ,
2.7,7-10%¢ R .2.3.100.¢ R 600
| - : e T e ™. ==1,85. IO"»@ RT

that is, a high value for the‘effectiQé energj of activa-
tion and a value for the pre—exponential multiplier of -
the "second-order constant” ki that is greater than the

number of binary collisions by 104~ 105 times. This is

a result of the fact that in dilute mixtures a bimolecular
reaction actuzlly does not take place. Consequently, the
tsecond-order constant" does not characterize any process
occurring through binary ccllisions but is a combination
of constants for various elementary stages. This also
explains the change in the value of the effective energy
of mectivation (up to 27 ~ 31 kecal) as the composition of
the mixture changes.

Thus, in order to explain the fact that the pre-
exponential multiplier of the second-order constant exceeds
the number of binary collisions it is not necessary to in-
troduce an assumption about the existence of chain reac-
tions or the involvement of internal degrees of freedom in
the reaction, as this has been done in the studies of
Schumacher and Sprenger(l2).

If assumptions of chain reactions are not introduced,
then stages 5 and © are excluded and equation (4) drops
out; at this point the expression set forth above for lim-
iting cases is maintained. In the interval of ozone con-
centrations from 15 to 70 % the reaction rate can be ex-
pressed as a second-order equation:

: :“?45_{_32_ .
Ve=15-101¢ X [Og - (8)

Equation (8) has also béen used by us in the analysis of
data obtained in the enflaming, combustion, and detonation
of ozone. : '

-Enflaming of Ozone

The .enflaming of gaseous ozone and of its mixtures
with oxygen at various pressures and temperatures has been
investigated. We enflamed the mixture in a heated vessel
with an electric spark. The measurements were carried out
in spherical glass vessels that were 34,5, 25.5, and 14.9
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mm in dismeter(l3). Figure % shows a graph of the lower
limit of enflaming of gaseocus ozone in a heated vessel as
a function of the temperature of the vessel walls.

In figure 4 the graph of the critical pressure of
enflaming as a function of tempersture for ozone-oxygen
mixtures containing 5 snd 10 % ozone is displayved. The
dependence of the lower limit of enflaming on the vessel
‘diameter can be expressed by the follow1ng relationship:

P - d == const | - (9)

As is known, this relastionship is satisfied in the

flaming of other burning mixtures also.

In order to clarify the nature of “wzone enflaming,
the effect of various inert substances and of surface on
the position of the lower limit of enflaming has been stud-
ied. We used substances which are inert in “relation to
the ozone decompoesition reaction, and which have different
heat conductivities, gas-kinetic radii, and heat capacities
(02, H,0, O, , UOE, and SiF )

As the measurements uave indicated, the pressure
at the lower limit of enflaming is slightly increased upon
introducing large amounts of 02, 002, 5C,, and SiF4; the

effect of water vapor has not been detected. Introducing
packing into the reaction vessel does not have a signifi-
cant effect on the lower limit of enflaming. The measure-
ments indicated that the upper limit to ozone enflaming
does not exist. The absence of an upper limit of enflam-
ing and also the sbsence of any significant effect of the
packing, inert gases, and treatment of the vessel wallg
on the position of the lower 1limit show that ozone enflam-
ing hes the characteristics of a thermal explosion.

The data obtained has been calculated according to
the aprroximate equation of the theory of thermal enflame-
ing due to Semenov{1l#4):

Q.o b p® E.g 1019 RT
FRTE R ¢ =1 (10)

pressure at the lower limit, mm of Hg.
temperature, K;

heat effect of the reaction (34.5 cal/mole);
= energy of activation, kcal/mole;

reactvion order;

gas constant;

6€.023 x 1023,

vessel voium9~

coefficient of heat transfer;

i

where

it

i

B on

g =s 3O aY

it




where s = vessel surfacs.
&y .
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IEGEND: A -- p, mm of Hg.; B ~- Fig. 3. Lower
1imit of ozone enflaming as & function of the temperature
using various vassel diameters; C -~ a — enflaning; 6~
absence of enflaming. i—d = 34,5 mm; 2=d = 25.5 mm; Zed, =
= 1409 mi ' ‘

When n = 2, the following relationship must be sat-
isfied

' A ' .
ig—{%:.-j:--{-B (11)
where .
Bow. MRws | (13)

Q-v-kee E- 101

In figure 5 the dependence of lg%% on %% is dis~

played for an enflaming reaction for undiluted ozone. As
is seen from the figure, experimental data corresponds to

a linear dependence according to equation (11). Analogous
functions have been obtained also for ozone-oxygen mixtures.
The slope of the lines have yielded a basis for calculation
of the value of A. Adopting n = 2 according to equation
(5), we obtain an energy of activation equal to 21 keal,
which is close to the value found for a slow decomposition
reaction (24 kcal). :
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2-—-BUANETR 34,;"{ M.

LFGFEND: - A =-- p, mm of Hg; B -- Fig. 4, Lower 1limit
of enflsming as a function of the temperature for czone-
oxygen mixtures; C -- a — enflaming; & ~ absence of en-

O

X
flaning. 1 zone in mixture; 2 ~ 10 % ozone in mix-
ture; D -- Fig. 5. Dependence of 1g(P/T2) on 1/T for ozone
erflaming; B -~ p — critical pressure at enflaming, in
mm of Hg:; T — temperature, 0g; 1 — vessel diameter = 25.5
mm; 2 -~ diameter = 4.5 mm. ‘

As has been shown DY Frank-Kamenetskiy(1%), thermal
‘explosion in & spherical vessel occurs with & value for
the explosion criterion ‘ ‘

u
F

. E )
axp.::‘ ﬂykﬁlan‘Q‘E.e il ='-=3,32 . (]4>

N-R-T%2%

i

where T vessel radius, Ci;

5 = pumber of molecules per unit volunie;
A = coefficient of thernal conductivity, cal/(cm)=-
~(sec)(deg).
Tn table 1 results of the calculation of 8 are

Kp
presented oOn the basis of formula (14). The kinetics
equation (&) was used in the calculation. )

The mean value of ak = 4.9 satisfactorily agrees

with the critical value equal to 5032,

On the basis of equation (14) the enflaming temper-
sture was calculated for various pressures. The results
of the caleulaticns are compared ir table 2 with the ex-
perimental data. -
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TABLE 1
Pesvanrars pﬁcueﬁ Bup- @

e wf2e s || |,
?K m’tle::t.pcm.. W/c.wicex-zma. _ kasfepad o
873 4.8 7,60 8,71 1,75 7,1
623 9,7 7.06 9,41 1,76 6,0
523 15,8 7,05 9,41 1,27 8,3
490 15,6 = 6,62 9,18 1,75 4,2
44} 23,2 6,635 9,18 1,27 4,9
A48 32,6 - 6,06 8,83 1,75 2,7
435 66,0 5,94 873 1,27 3,0

LEGEND: A -- Results of the calculation of Skp;

B -- Temperature, OK; ¢ -~ Pressure ‘at lower limit, P in
mm of Hg; D -~ Coefficient of thermal conductivity,l:cloi
cel/(cm){sec)(deg); E -~ Thermal conduetivity, C_, cal/deg;
F -- Vessel radius, I, Cli. v

TABLE . 2

@ 3aBHCAMOCT: TEMREDATY P BOCREEMEHERMS OF NABJMCHHE -
Hanmenve Og

@= Tesmneparypa K. @ Temmepatyps K
Hasnenne Og .
KR pm. o

@tm‘maﬁ ﬁjnmenmm @ @nhmiax @mmmtaw

@ Jguamerp cocyna 34,5 sm uamerp cCocyra 25,5 mm

32,0 448 453 66 435 . 438
16.5 490 484 37,6 458 458
12,0 505 498 23'2 490 479
9.7 523 509 19°2 515 439
70 548 525 158 523 500
4.8 573 547 12,0 548 515
‘ 10,0 563 524

8.5 573 . 533

LEGEND: 4 =- Enflaming temperatdre‘as a function

D -~ Calculated; E = :
= 34,5 mm, vessel diameter = 25.5 mm.

Ls is seen from table 2,
agreement

of pressure; B -- O5 pressure, mmn of Hg; ¢ -~ Fxperimental;

- Temperature, OK; ¥ -- Vessel diameter

we have a satisfactory

between the experimental and the calculated values.
that the critical conditicn of ozone enflaning

This shows

end slso for its mixtures
factory agreement with
of the slow reaction ©

the da

11

with oxygen is found in satis-
+a relabing to the kinetics
f ozone decomposition.




Rate of Ozone Combustion

in order to clarify what kind of relationship there

exists between the kinetics of the slow reaction snd the
rate of ozone combustion data is needed on the rate of
flame propagation in ozone and in ozone-oxygen mixtures.
Sinece the literature reveals only the limited dats of L'yu-
is and El'be(16), we conducted measureuwents of the rate.

of ozone combustion in mixtures contalning oxygep The

rate of flane pro;a;at on was measured in a horizontel tube
with an open end. In view of the small flame activity

a photoelectric method(l?) was used (fig. 6).

00 o~f -
n-2
o o3
x
2
-
2 ian
@ ’i; H1/R
et
3
s s Pre. 6. 3anmcamocTs mopMaAnLnoil
S 3 CXOPOCTH FOPEHUA OT COXEPMAHASR
3. Oy B O30RO-XKCJNOPORKOE CcMECH:
é 7 AN U('rpenm 1 fpoceed; 2 gannme
Jiswnea .y Bangels; S—-napin paupbiel?;
k KPRBAS PACCHNTAHA N0 yYpasreawo (15).
T )
~
@ E v ﬂ]ﬁ
Lodepiconce Oy, % .

TREGEND: A -- Combustion rate, cm/secy B —- )5 con-
nt, %; € -- Fig. 6. Normal combustion rete as a function
the 0. content in czone-oxygen mixtures: 1 -~ Data of
reng and Grosse(l6); 2 w-- Deta of Ltyuis and El'be(l6);
-~ our data(l?); curve is dr&wn based on eqguaticn (15).

After we carried out this study there was published
data of Streng and Grosse(%), which they obtained by a
burner methed /wetoaom gorc[k17 On the basis of the
graph we c¢an ar LV@ at the conclusion that the values of
the normal combustion rate that were obtained by various
metheds agree among each other.

The assumption of the invariance of the reaction
kinetics under combustion conditions made feasible the
theoretical calculation of the combustion rate based on
kinetic data. Such a calculation has been done by Karman
(18); tne data agrees satisfactorily with the data of the

12




study(32). .

we carried out calculations of the normal combustion
rate on the basis of the equpﬁlonu of Zel'dovich-Frank-
Kamenetskiy(19).

A condition of the applicablility of the approxima-
tion eguations of this theory is the criterion expressed
by the equation

| BT <ot
B = My

where T combustion temperature;
and E = energy of activation, kcal.

Adopting the value of £4 5 kcal for the energy of
activatlon, we obtain for this criterion for mixtures coh-
taining from 18 to 100 % ozone, values from 0.085 to 0.223.
For COH@@DtratlﬁnS which we used for the measurements
(from 26 to 45 % O,) the mean value of the criterion was

e
approximately 0.1. Thus, the use of the approximation
eguations is permissible..
The calculation of the combustion rate was carried
out on the bvasis of the eguatlon.

o=l 2 AR AE G

\

1

where U = normal combustion rate, cm/sec;

Moo= coefficient of thermal conductivivy of the com-
bustion productsy kcal/{cm)(sec)(deg);

* = heat capacity of combustion products, kecal/{(g)-

p -(deg);

kK = pre- expanentlal multiplier in the Arrhenius
equation, cm®/(mole)(sec); * 3 :

8~ = initial ozone concentration, mole/cm”;

= 24,5 kcal/mole;
90 = dénsityy of the mixture of starting nmaterials,

g/em”
L = heat ef?ect of the reaction, kecal/g;

C

s e

To initial combustion temperature, “K;
nland _ :
n, = number of moles, respectively, of the starting
‘ materials and the reaction products
A
B T CppD

where D = coefficient of ozone diffusion in oxygen.




In the calculation the equation of the reaction
rate (8) was assumed; and the combustion temperatures were
calculated in an adiabatic approximation, taking into ac-
count the dissociation of oxygen. The calculation results
based on equation (15) are shown in fig. 6.

The calculated dependence of Un on the mixture com-

position agrees approximately with the experimental. How-
ever, the absolute values are less than the experimental
values. A comparison of the data with the calculated val~
unes of Karman(18) have indicated that in ddopting the ap~-
proximation the calculated values have devisted from the
_experimental on the opposite side. ' At the same time the
values of the deviations from the experimental values is
less than those in the approximation that corresponds to
equation (15). =~ :

In comparing the studies obtained in the studies
(3,17) we can arrive at the conclusion that the ozone com-
bustion rate in mixtures with oxygen corresponds to the
kinetics of the reaction of the thermal decomposition of
ozone.

‘Detonation of Liquid Ozone

According to Khariton(20) the critical condition
of detonation of explosive substances is also dependent
on the kinetics of the chemical reaction leading to the
explosion. If the kinetics of ozone decomposition under
these conditions is the same, then there must exist a re-
lationship between the kinetics conditions, namely, the
critical dismeter of the charge in which a stable czone
detonstion can occur, and the data set forth above that
concerns the thermal decomposition kinetics for ozone.
This dependence can be expressed by the following equation:

) -
AR-Ty RFg

de. TE € : -(16)
where'dk = critical charge diameter, mm;
A = constant; : o
Ty = temperature at front of detonation wave, "Kj
‘Té = temperature close to the temperature of the
explosion products, 9K;
E = energy of activation for the chemical reaction,
kcaly
and R = gas constant.

Inasmuch as not all constants thét enter into equa-
tion (16) are known, investigation of this problem can be
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conveniently gonducted by using a mixture of oczone with
inert substances of verious concentrations.
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LLGWND A -~ Fig. 7. Device for study of ozone
explosions; B -- 1 - tube for initiastor; 2 - tube for the
inlet of ozone and other substances; 3 - vacuum screen;

4 « ground end; C -- Weight fractions; D -- Fig. 8. Criti-
cal charge diameter as a function of the content of wvarious
diluents; E -~ a - absence of stable detonation; §= occur-
rence of detonation; &= attenusting debcnatlon' 1 - oxy-
gen; 2 - carbon tetrachloride.

Letting (€ stand for the weight fraction of the ex-
plosive substance in the mixture, and assuming for the
mixture that

=0 T

E

Khariton obtained the following equation for the critical
charge diameter in which the mixture of the explosive sub-
stance with an inert substance is detonated:

L e
and Te =K Te

d;ud#.a.e%(lf?) | (17)
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there dy - critical diameter for pure explosive substance.
N N

The methods of determining the critical diameter
wonsists of establishing ‘the presence of a continuous trace
3£ the detonation on a brass plate secured to a glass cyl-
ndrical ampule containing liquid ozone or its mixtures.
Jje used glass tubes of various diameters. The length of
he filled portion was &b a level from 10 to. 30 cm. The
‘111led tube containing the iiquid was placed in a steel
iontainer filled with ligquid oxygen. Initiation of the
‘esction was effected by explosion of lead azide or a det-
mator capsule. Tngeveral experiments we used a supple-
ientary detonator -~ a hexogen cartridge. Figure 7 shows

.

yne of the devices in which the explosion took place.

The experiments carried out indicated that the de-
conation of liquid ozoune proceeds in charges having a dia-
\eter of approximately 0.15 mm. Bvidently, the critical
iameter for liguid ozone 1is somewhat less than this value.

The results of the experiments with various diluents
I liquid ozone are exhibited in fig. 8. The curve was
lpawn on the basis of equation (17). The following values
repe used for the calculation: T = 24000 cal/mole, T =
. 3000 9K (theoretical temperature for ozone combustion),
nd dK = 0.15 mm for pure 0zZone; ¢ = weight fraction of

yzone in the solution. The calculation naturally is ap-
yroximate. ’

T+ is easy to see that the caleulated curve fairly
sharply divides the region of ozone concentrations in which
‘he detonation occurs from the region of ozone concentra=-
.ion in which detonation does not oceur. From the data
btained it follows that the value of the critical diameter

f the mixture, dK’ is bassically determined by the weight

‘raction of the explosive substance and by the kinetics
f its decomposition, as follows from equation (17).

Thus, . the dependence between the detonation pro-
serties of ligquid ozone and the kinetics of 1its thermal
ecémposition is found to be in accord with the theory of
ritical diameters..

Conclusions

1. Data presented in the article indicates that
inetic principles of the ozone decomposition reaction
etermine the principles of ozone eaflaming, combustion,
nd detonation. This is conditioned in the first place .
n the fact that the rezction mechanism evidently varies
ittle under these conditions.
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2. The theordies which were used here for the anal-

ysis of experimental data and for the comparison of the

data with the kinetics of the ozone decomposition reaction 1
lesad, in general, validly both to general principles and

to quantitative functions.

1.
2.
3.
4,
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