AD/A-004 427

MECHANISM OF CATALYSIS WIT
THERMAL DECOMPOSITION AND
AMMONIUM PERCHLORATE

THE
URNING OF

H
B
O. P. Korobeinichev, et al

Foreign Technology Division
Wright-Patterson Air Forca Base, Ohio

27 November 1974

DISTRIBUTED BY:

National Technical Information Service
U. S. DEPARTMENY OF COMMERCE




.“: 4 U e P P —

Security Classificstion

- _UNCIASSIFIED

-0 ¥¥27

DCCUMENT CONTROL DATA-R&D

fdscurity closstiicaiton of title, body #f sbeiract and indyxing esnctetion must ba sntersd when the ovstell raport |3 classitted)

| ORIGINATING AC TIVITY (Cotparats suthor)

Alr Force Systems Command
U. S. Air Force

Foreign Technology Division

28 ARPORY SECURITY CLASHIPICATION

UNCLASSIFIED

. GRAQUP

3 ARAQAT TITLE

OF AMMONIUM PERCHLORATE

MECHANISM OF CATALYSIS WITH THE THERMAL DECOMPOSITICN AND BURNING

4 ORSICA.PTIVE NOTR? (Typs of reperl end Inclusive detes)

¢ Translation
3 3 AUTWORISI (Firat name, middie inllial, Jasi nsms)

0. P. Korobeynichev, A. V. Shkarin, and A. S. Shmelev

'{4 RESORT OATR

1972

78, TOTAL N, OF PAGKS th. NO. OF RE™S

[ 6

38 COMTRACTY OR GUANT NO.

b PROJECT NO,

5. ONIGINATON'S ARPORT NUMBE RIS}

FTD-MT-24-2025-74

35, OTHER REPORT NOISI (Any oiher numbsers the! mey be sssignad
thls repast)

10 DISTARIBUTION STATEMENT

Approved for public release; distribution unlimited.

Ty 3uPPLEMENTARY NDTES

11. 3PONPORING MILITARY ACTIVITY

Foreign Technology Division
right=-Patterson AFB, Ohio

oanyrAaglT

Repiouyced by

NATIONAL TECHNICAL
INFORMATION SERVICE

s St R PRICES SUBJECT TO CHANGE

DD ‘5r.1473

/ UNCLASSIFIED

Secunty Classificatinn




FID-MI- 2:-2025-74

EDITED MACHINE TRANSLATION

FTD~-MT-24-2025~-74 27 November 1974
CSP73193384 '

MECHANISM OF CATALYSIS WITH THE THERMAL
DECOMPOSITION AND BURNING OF AMMONIUM PERCHLORATE

By: 0. P. Korobeynichev, A. V. Shkarin,
and A. S. Shmelev

English pages: 6

Source: Goreniye i Vzryv, Izd vo Nauka, Moscow,
1972, pp. 752-755

Country of Origin: USSR

Requester: FTD/PDTN _

This document is a SYSTRAN machine aided
translation, post-edited for Technical accuracy
by: Robert D. Hill

Approved for public relesse;

distribution unlimited,

TNIS TRANSLATION I5 A PENOITION GF TNE ORIG!-
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR

EOITORIAL COMMENT, STATEMENTS OR TNEORIES PREPAREO BY:

ADVOCATEOOR IMPLIEO ARE TNOSE OF TNE SOURCE

ANO OO NOT NECESSARILY REFLECT TNE POSITION TRANSLATION OIVISION

OR OPINION OF THE FOREIGN TECHNOLOGY OI- FOREIGN TECNNOLOGY OQIVISION
VISION. WP.AFB, ONIO.

FTD-MT - 24-2025-74 Date 27 Nov)g 74




Block Italic

A

T 3 X W xEXxE MP»™ T DO M

o

20 x =

X X W X O P O 0O O @

= X

=

a
g
‘
:
o
¢

e

6 X p W X B KR =

S I E R R EE LA ETER R RS

Transliteration Block

a

™0 8 JF o~ N < - N

P

3

O E E L IZ x g < -
r E E £ £ X 8 <

o
T

o o
o T

s B

-4

Italic

‘v
o g o« EE T * 8w 3 %

NSO pppurpBEE SR NN yn

U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Transliterétion

Kh, kh
Ts, ts
Ch, ch
Sh, sh
Shch, shch

1]

Y, ¥y

1

E, e
Yu, yu
Ya, va

tye initially, after vowels, and af*er », b € elscwheve
When written as & in Russian, transliterate as y& or &.
The use of diacritical marks is prefcived, but such marks
may be omitted when cxpediency dictater.

¥ ¥ K ¥ ¥ ¥ ¥ ¥ ¥ ¥

GRAPHICS DISCLAIMER

All figures, graphics, tables, cquations, etc.
merged into this translation were extracted

from the best quality copy available.

FTD~-MT-24-2025-T4




"RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS

% Russian English

é- sin sin

g cos cos

? tg ' tan

; ctg cot

E sec sec

; cosec csc
sh sinh
¢h - cosh
th “anh
cth ¢oth
sch sech
csch ¢sch
arc sin sin™?
arc cos cos™?
arc tg tan~L
arc ctg cot™t
arc sec sec™t
arc cosec ese?
are sh sinh~t
arc ch cosh™!
arc uh tanh™
are cth covh™!
arc sch sech™!
arc csch escht
rot curl
lg log

FTD-MT-24-2025-T4 i1




Alpha
Beta
Gamma
Delta
Epsilon
Zeta
Eta
Theta
Inta
Kappa
Lambda

o

FTD-MT-24-20245-T4

/R OH O nmN M o-am e

GREEK ALPHABET

@ 3 MmOy = D P

—

= e X

Nu

i
Omicron
Pi

Rho
Sigma
Tau
Upsilon
Fhi

Chi

tsi

Lnena

b TR == BN e MY ~ B B v N £

e

M

€ > @4 € A Q v =3 0 ™ <

3




MECHANISM OF CATALYSIS WITH THE
THERMAL DECOMPOSITION AND BURNING
OF AMMONIUM PERCHLORATE

0. P. Korobeynichev, A. V. Shkarin,
and A. S. Shnelev

Novosibirsk

Although the role of the reactions of the decomposition of
perchloric acid with the decomposition and burning of ammonium
perchlorate (PCA) and in the catalysis of these processes was
alrcady repeatcdly stressed [1-“]; quantlitatively the connection
betieen them was not checked mainly due to the absence of reliable
kinetic data. At the same time such data are basis for the
construction of models of burning of the PCA and fucls on its base,
and also a model of catalysis with burning. Given in thls work are
results of kinetle studies of the decompesition (inecluding catalytic)
of thie PCA and mnilxture HClOquH3, which are used for finding the
quantitative connection between these processes and for the con-
struction of models of burning of the PCA and catalysis of burning.

A study of the kinetics of the decomposition of mixtures
HClOu+NH3 was conducted with 20 mm Hg in a Lossing flow rractor
connected through the diaphragm with the ionic source of a time-of-
flight mass-spectrometer (Fig. 1). The mixcure HClOu-&NH3 wasg
obtained with the sublimation of the PCA 1in one of the furnaces at
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350°C and by the flow of helium was transferred to the radial
clearance heated by the second furnace between two coaxial tubes,

on surface of one of which the catalyst was applied by a thin (1 um)
layer. By means of changing the retention time it was shown that
the decomposition reaction of HClOu on the catalyst F9203 is of the
first order. Figure 2 shows the dependence of the concentrations
of different components on the temperature, obtained as a result of
the processing of the mass spectra, at the fixed retention time
(3.6-10"3 s). The reaction rate of the decomposition of HClOLI at
376{“30°C is equal to

14 exp (-28500/RT) cm3/s per gram of catalyst. (1)

kyn=6.7-10
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we 1, Cuiageam ol Che revgelor iN combingtlen with the mass-
spectrometer for a study of tne catalytic decompositlion of the
nlzture HLiOHPNU
Key: (a) capillary for a ther: seouple; (b) lonic sourac; {¢) tube
with catalyst; (d) cleciromagnecic push rod ol PCA; (e) punping by
diffusion air pump; (f) valve; (g) to the pump; (h) helium; (i)
rheometer.
Figure 2. Dependence of {hc relative (to HClO ) concentrations of

comporents on temperature for the system HC10u+NH3+F 293"
After a stay in thc combustion zone of PCA, the specific surface

area and catalyst activity of Fe203 arc decreased by 3-4 times. "The
catalyst MnO2 is considerably [illegible], and CuO is less active
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thun Fe203. The CuO, Cr203 and CuCr20zl enter into a reaction with
HClOu with the formation of volatile compounds, which by the flow

of helium are carried away from the reaction zone.

With the use of the derivative-graphic method in air with a
linear increase in the temperature (-8 degrees/min) in a qQuartz
crucible, which consists of two coaxlial tubes between which there
was placed a suspension (40 mg) of powder of PCA with particle sizes
on the order of 100 um, the kinetlcs of the high-temperature
decomposition of PCA, pure and with a catalyst, is studied. Resplts
of the experiments are represented on Fig. 3. The reaction rate of
the decomposition of PCA+2.5%|Fe20 in the range of 320-370°C is
equal to

3

dr 1

ey T 2 3,3.10'% exp (—52100/RT) 1/s, (2)

where o 1s the degree of transformation of the PCA.

Filgure 3. Temperature dependences of the
reactlion rate of” the decompesition of PCA:

1 - PCA+2.5% Fc2o3; 2 - calculation according

to (3); 3 - PCA+2.5% CuQ; 4 - PCA+2.5%
= \§¥ "'n0,; 5 - pure PCA; € - calculation under
&Ny 3\\\ the assumption of a gas-phase reaction.

TS T T — The calculation of the decay rate of
32 the PCA*Z 5% Fe O, with the use of (1) and

formulas given in work [2], derived on the
assumption that with thermal decay there manages to be established
the equilibrium pressure of the HClOu above the PCA, glves

(%).--n =410 exp(-—57200/RT) 1/s. | S

Values " the calculated (3) and measured (2) decay rate of the PCA
agrce wiun the accuracy up to the error of tiie experiment (Fig. 3),
which serves as a quantitative confirmation of the hypothesis [2]

relative to the mechanism of the catalytlc decomposition of the PCA.
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‘‘he greater effectiveness of {he copper oxide in experiments
on the thermal decay of the PCA (Fig. 3) than in experiments on the
decomposition of HClOu (in comparison with Mno2 and Fe203) is
connected with the formation in the process of the rcaction of HClOu
with Cu0 of the catalyst CuCl, considerably more active than Cu0Q,
volatile at 400°C, which in the first case does not manage to diffuse
from the zone of reaction, and under conditions of the flow it 1is
taken away from this zone.

Proofs of the fact that In our experiments the high-temperature
decuriposition of pure PCA flows to a greater degree (more than 8n%)
in the condensed phase and to a lesscr degree - In the gaseous phese,
are represented in Fig. 3, whera curve 5 corresponds to the measurcd
reaction rate of the decompositlon of pure PCA (Ex60 kcal/mole},
and curve 6 is thc calculated curve with the use of formulas of
source [2] on the assumption that the dccompo:ition of HClOu occurs
in the gaseous phase with the Levy constant [5] (ia the calculation
the design of the crucible was consldered). Furthermore, with a
change of 5 times of the parametcrs which determine the reaction
rate In the gascous phase (reaction volume of the ce¢rucible, arca of
. ¢

tive ring ercas-sectlion), the rate of decomposition was changed by

20~30%.

e findlings nahe L poussicile Lo gonswruct o wodel ol the
vurrning of the PCA ana wmodel of the catalysis of Lhe burnling of
monofuels, which, in ovr opinion, are more valld fhian those knoun
at present [6]. The filrst model 1Is based on the three positlons
checked by us expevimontally at 450°C:

1) on the burning surface the equilibrium pressure of HClOu+NH3 '
is established;

2) there occurs a surface exothermal reaction with the constang
calculated from experiments on the decomposition of pure PCA (Fig.

3, curve 5);

FiD~MT-24-2025-74 4
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3) the decomposition reaction of the mixture HClOu+NH3 is a

first-order reaction for HClO,4 and zero for NHB'

Results of the numerical calculation on a computer of this
model give the absolute values close to the experimental data of the

rate of combustion and exponent in the law of burning, v~0.9 (Fig.
4); although they do not explain the upper limit of burning according
to pressure.

Figure 4. Dependence of the rate of com-
bustion of the PCA on pressure: 1 -
calculatic., without surface reaction; 2 -

i calculation taking surface reaction into
account; 3 - calculation taking into
account surface and catalytic reaction (o -~
experimental data).

Abbreviations: cew = s; am = at.

1 Two means of the effect of the catalyst

d ) PR L ére possible: in the gas and condensed
20 w 60 80 IGO
pam phases. In this case there c¢an be two
conditions of the catalysis: diffusion
and kinetie.

The effectivenesses measured by us experimentally and calculated
from the above-mentloned model on a computer for the subdispersion
particles of Fe203 (kinetic condition with constant (1)) of the
action of the catalyst on the rate of combustion prove to be similar
in value. The transition from kinetic condition to diffusion,
according to the calculations, occurs with a change in the partisle

. slze of Fe203 (d) from (.1 to 1 um. Upon the consideration of the
reaction which tares plitce on particles of the catalyst located on
the burning surface, the heat flux into the condensed phase with

the kinetic conditioa will increase by AZP.

AZH=dprHkynan, (4)
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where p ’ p are densities of the catalyst and reacting g£4as near
the burning surface; I - weight fraction of the catalyst in the.
condensed phase; Q@ - thermal effect of the reaction.

As can be seen from (4), AZ inereases with an increase in d W
however, with large grain sizes, wien the reaction passes into the
region of diffusion and expression (4) will not be valid, AZH
decreases with an increase in du' Hence 1t follows that on the
curve effectiveness of the catalyst-dispersion the maximum must
exist. The account of two means of the effect of the catalyst
eliminates some contradictions of the theory of the "maximally strong
catalysis in the pgaseous phase" (for example, in the question of
the effect of the dispersion of the catalyst). For the experimental
check of the theory it would be necessary to have moncdisperse
particles of the catalyst. However, in a number of cases there
appear additional difficulties, for example, the melting also of
the agglomeration of the particles on the burning surface, as was
revealed by us by microscoplc and electron-microscopic examinations
of the surface of the extinguished specimens of PCA+2% CuO (here
witn a decrease in pressure in the bomb from 80 to 1 at the

prrticles become larger).
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