AD 684660

a7

for Fodera! Scienti
lnfcrmahon Sprmg

k Reprc&uced ) the
i LEARENGHQUSE

- PR
N
R .o
- ~
N
N
~ NN ~
~ ~ N
~
« N
~ N ~
N~ o
N ~
A K ~oo SRS A AR N "

Nl D W % SN e A T NS S e e oo S e ¥

FID-MT-24-285-68

FOREIGN TECHNQOLOGY DIVISION

INHIBITORS OF COMBUSTION OF AMMONIUM NITRATE

AND AMMONIUM PERCHLORATE AND

57 R RI e

fic & Technica!

THEIR MIXTURES
by

fiald Va, 22151
A

A. N. Glazkova and P. P. Popova

e

3"“’3 '1:\ e
LI o \.ar
SEEI T

.L,( ‘&’4,.&.1

sl}s s"’h?
~§ %&"G‘z 7&1¢?l »Q

S—

Li

all

i}
|

Boe

Bistribution of this document is
uniflmited, It may be released to
the Clearlnghouse, Department of
Commerce, for salg to the general
publie,

p— ra o Ry - —

N
]

e o m——— s w

Y ittt

-

O AN PSS - L

B e Pk ot o

Loif o Ahlavisir b Goiingr
. J

"r' by .
Al et

PRSI T 73

rw,
T E

L
e s Gl 1003

o

o AP R

5y

Mo i g el o

fins.

Soda i




AL MR MR

b
A
S
=

3§72/
40

R

EDITED MACHINE TRANSLATION

INHIBITORS OF COMBUSTION OF AMMONIUM NITRATE AND
AMMONIUM PERCHLORATE AND THEIR MIXTURES

By: A. N, Glazkova and P. P. Popova

English pages: 10

UR/0020-67-006-1341

.
- j e A W T ?

FID-MT_ 2u-285-68

THIZ TRANILATION 1S & RENDITION OF THE CRISL
NaL POREICH TERY WiTHOUY ARY ANALYTICAL OR
EDITONIAL COMMBNY, STATEBUEHTS O THROXIES
ADVSTATED CRIMFLIED ARE YHOSE OF THE SOURCE
AND DD KDY HECESSARILY REFLECYT THI PUJTION
GR OPINIGN OF THE PORIIGH TOEHNBLLSY &
YisioNn,

PAIPARED WY

TRAMSLATION DIvision
FOREIGN TESHNGLOGY DIVISION
WP-AFD, OHID.

BYD-PAY- 24 -285-68

s

Pala23 Aug

3
&

&

-A.68

AT IORL CTIIIe

o
g

Zad

ePL LIRS

o
7%

7

-

:
!

WM%WIIWO‘WIMM’/WMWM@# AR I BT s b S %r?xﬁiﬂi/@ﬂﬂm 3

5 s rriorsrs . 4




-

This document is a machine translation of Russian
text which has been processed by the AN/GSQ-16(XW-2)
Machine Translator, owned and operated by the United
States Air Force, The machine output has been post-
edited to correct for major ambiguities of meaning,
words missing from the machine'!s dictionary, and words
out of the context of meaning., The sentence word
order has been partially rearranged for readability,
The content cf this translation does not indicate
editorial accuracy, nor does it indicate USAF approval

or disapproval of the material translated,

]

&

1wt

¥

!

RPN T DT Sillied

PP T I ot

dstaipehion/AVLRRIY 003
l AVA. Sol/er SPERAL

|

erdersd

w7

R

A s
RN L CRINIRD AL Y ANy R

R

e

BN

-

- NN

S——

o
!




. e 2 )

DATA HANDLING PAGE

; 01+ ACCESSION NO. 98-DOCUMENT LOC 39-T(;PIC TAGS
i TP8501583 ammonium nitrate, combustion inhibitor,
% OSTITLE combustion kinetics, combustion rate
| INEIBITORS OF COMBUSTION OF
! AMMONIUM NITRATE AND
; AMMONIUM PERCHLORATE AND
. THEIR MIXTURES )
] 47-SUBJECT AREA
| | o7, 2
|
i 42- AUT HO R/CG-AUTHORS 10-DATE OF INFO
' GLAZKOVA, A, N,; 16-POPOVA, P, P, | cww=- 67
i 43-SOURCE 68-DOCUMENT NO.
; AN SSSR. DOKLADY (RUSSIAN) FTO-MT-24 -285-68
' 68-PROJECT NO.
E 6040310
' SASECURITY AND DOWNGRADING INFORMATION 64-CONTROL MARKINGY 9%~HEADER CLASN
i
UNCL, O NONE © UNOL
|
; I "76REEL/FRAME NO, | 7~SUPERSEDES J&CHANGES wit;:ﬂogc};\ammcu NO. OF PAGES:
{11886 0948 \ UR 10

CONTRACY NO. Xi-’-' ACC. NO. PUBLISHING DATE TYPE PRODUCT REVISION FREQ

65-AP8004 352 94 -00 Translation NONE
Rl g i " 1 AccEession No.
O2-UR/OO20/67/177[99§/l}41/1344

ABSTRACT Tt

NN
1 The inhibiting effect of ammonium salts, such as ammonium carbonate,
oxalate, citrate,'tartrate or fluoride, and a reducing agent, such as
diphenylamine onfthe burning rate of ammonium nitrate or ammonium
perchlorate was investigated.-at the Institute of Chemical Physics of the
AS USSR. . It was announced that the effect of easily dissociating
ammonium salts would consist of shifting the equilibrium of the reaction
to the left, while the effect of diphenylemine would be either a re-
' duction or a binding of the acid formed in the dissociation, thus s

e m

inhibiting the further oxidation of ammonia, This assumption was
verified experimentally by the combustion of ammatol 80/20 (taken instead
. . 1 of pure ammonium nitrate which does not burn in the bomb) or ammonium

; " ] perchlorate with or without the additives mentioned above, taken in

the amount of 5%; the combustion took place at varying pressures up to
1000 atm 1n a constant pressure bomb, . .The best inhibiting effect in

the combustion of ammatol 80/20 was obtained with ammonium carbonate.

It was observed that the appearance of flame changes depending on the
pressure in the bomb: up to 500 atm for addition of ammonium carbonate
or oxalate and to 750 atm for ammonium tartrate or citrate, The lame
appeared striped, while a uniform flame appeared after this pressure
limit; the phenomenon was explained by sedimentation of solid particles,
presumably: carbon, on the walls of the véssel. The curve indicating
the effect of diphenylamine on the burning rate. of ammatcl 80/20 rather
closely coincided with those of ammonium salts. The ignition of ammatol
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80/20 under pressure was delayed to certain initial pressures, e,g.,

in the onresence of (NH4)2 CO3 the ignition took place only at 350 atm,

The best inhibiting effect on the burning of ammonium perchlorate was
exnibited by ammonium fluoride. Ammenium oxalate produced an uneven
curve of the rate of ccmbustion., The addition of diphenylamine also
produced an uneven rate of combustion; however, the ignition took
place without such a considerable delay, without such s dependence or
pressure, which was observed for the ammatol with ammonium salts.

The efifect of diphenylamine cn ammonium perchlorate is more pronounced
at pressures over 500 atm, which was explained as another mechanism

of distociation ensuing in ammonium perchlorate over their pressure
1imIt. The change in the mechanism of combustion was also confirmed by
the changes in the appéarance of the photographed flame. Orig. art.
has: U4 figures and 2 tabie.
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INHIBITORS OF COMBUSTION OF AMMONIUM NITRATE
AND AMMONIUM PERCHLORATE AND
THEIR MIXTURES

T AT

A. N. (Glazkova and P. P. Popova

(Submitted 25 Jan. 1967 by Academician
N. M. Emanuel)
In certain conditions of application of explosive and mixtures
it is necessary to reduce the combustibility and the rate of com-
bustion, Thus, one of the requirements for safety explosives is
their low combustibility, which reduces the danger of burnup with
failure of detonation, but for mixture fuels reduction of the
combustion rate is dictated by the necessity of obtaining compositions

with small dependence of ccmbustion rate on pressure (small v in
equation u = BP”),
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Up to now the search for inhibiters of combustion, just as
catalysts, carried an especially empirical character. In this work
an attempt is made to arrive at the solution of this problem on the
basis c¢f the following considerations. - It is known that the primary ‘
step during thermal dissociation of ammonium nitrate and perchlorate ’
is their dissociation into ammonla and nitric acid during decomposi-

tion of nitrate and into ammonia and perchloric acid during decom-
position of perchlorate.

s e

If we assume that during combustion of these salts these
reactions will be prominent, then for lowering the combustion rate
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it is necessary to delay the reaction cf further oxidation of
anmor:la; therefore it 1s expedient to add substances which possessed
elther- the ability to be easily decomposed during combustion, forming
amimonia, or would be reducers.

It is known that the addition of ammonia to ammonium perchlorate
delayed its thermal decomposition [1], due to lowering of the rate
of formation of radicals 0104 (shift of equilibrium to the left),
and with its addition to hydrazine the combustion rate of the latter
is reduced [2]. Thug, the influence of ammonlia in this case is
reduced to shift of equilibrium of dissociation to the left, and
the influence -of substances, possessing reducing properties, will
amount to reduwcoion or birding of acids forming during decomposition
(or products of their further decomposition) and to slowing further
oxidation of ammonia,?

For checking thls assumption, as substances of the Tirst group
there were selected ammonium carbonate, oxalate, citrate, tartrate
and fluoride, and as substances of the second group — diphenylamine.

The applied additions, ammonium nitrate and trotyl, had size
of particles <100 p; size of particles of ammonium perchlorate

<250 p.

The inhibiting effect of ammonium oxalate during combustion
of ammatol 8Q/20 i1 a pressure bomb was established by Andreyev and
one of the authors of this article as early as in the Fifties [3].
During the study of combustion of ion-exchange exploslives, Nenquin
and Fally [4] showed that replacement of ammonium chloride in them
by ammonium ovxalate led to the fact that the mixture did not ignite
at a temperature higher than 300°c.

The influence of the above-indicated additions was studied

on an example of combustion of ammatol 80/20% and ammonium perchlorate

both in pure form and in mixtures. Experiments were conducted in
a constant pressure bomb in an atmosphere of nitrogen Ly the method
described earlier [6].
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, ' Fig. 1. The effect of inhibitors (10%)

ARAT . on the dependence of combustion rate of
{,4':535 /fﬁ%{ ammatol 80/20 on pressure. 1 — pure
:§{' e ammatol, 2 — with ammonium oxalate, 3 -
$ ﬁﬁgééb” carbonate, 4 — citrate, 5 — tartrate, 6 —
’f;gffcﬁ‘A : with diphenylamine. {Dotted line designates

F T mﬁﬁQﬁ the region of pressures where combustion
r—— : dies down.)

On the graph of Fig. 1 there are shown the obtained results,
and in the same place for comparison there is presented the earlier
[6] studied dependence of combustion rate on pressure for pure ammatol
80/20. As can be seen from the graph, ammonium carbonate has the
greatest inhibiting action on combustion of ammatol; with its
addition the combustion of ammatol dies down in conditions of our
experiments even at 350 at , and at 500 at 1t is delayed by twice
as compared to pure ammatol, Slowing of combustion in tne presence
of other additions occurs on the average of 1.3-1.6 times at 4C0 at
and 1.5 times at 950 at,®

It is interesting to note that the character of combustion in
the presence of inhibitors is changed with change of the interval

of pressure in which it occurs. In the region of pressures up to

500 at (for example, with the presence of ammonium oxalate and
carbonate) or up to 750 at (in the presence of ammonium tertrate

or citrate) the flame is characterized by alternating bright flickering
horizontal strips, which is connected, as was already noted earlier

[7, 8], with deposition on pipe walls of hard unburned particles,

in this case, possibly carbon. At higher pressures, 750-1000 at ,

the flame becomes more uniform.

The inhibiting action of additions is developed to a still
greater degree during combustion of ammonium perchlorate., O©On the
graph of Fig. 2 there is shown the dependence of combustion rate on
pressure for pure ammonium perchlorate in plexiglas tubes, and also
for perchlorate to which there is added 5% ammonium oxalate,
diphenylamine, lithium and ammonium fluoride. As was already noted
earlier [9], relationship u(p) of ammonium perchlorate has a complex
character: in the pressure range above 150 &% there is observed
drop of the combustion rate with pressure,

FTD-MT-24-285-68 3
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Fig. 2. Dependence of combustion rate of
emmonium perchlorate with inhibitors (5%)
on pressure, 1 — ammonium perchlorate,

2 — with diphenylamine (a — 1%, b ~ 5%),
3 — with ammonium oxalate, 4 — with
1ithium fluoride, 5 -~ with ammonium
fluoride.

B “ésy &7 vt fom?

, With the addition of ammonium oxalate to ammonium perchlorate
its combustibility is sharply decreased; at 100 at it _oes not
ignite (pure perchlorate starts to burn at 30 at ) and at 150 at
burns 3 times slower than pure verchlorate. The combustion rate
siowly rises with pressure up to 500-600 at and more sharply with
increase of pressure to 1000 at,

Regerding diphenylamine, its addition to perchlorate does not
lower combustibility of the latter (mixture starts to burn at
pressurs ~30 at ), however the combustion rate at 150 at , for example,
is 2.2 times less than for pure perchlorate; at pressures 200-400 at
{in the region of ancmalous combustion) the combustion rates coincide,
and at pressures higher than 400 at perchlorate with diphenylamine
again burns slowver than pure (by ~1.5 times). With this we should
note that decrease of the amount of diphenylamine to 1% was not
réflected on its inhitlting action, As cen be seen from the graph
of Fig. 2, values of combustion rates both wibth 5% and with 1%
diphenylamine coincide.

Lithium fluorlde shows combustlon of ammonium perchloratis
3t1ill more intensely: 5.7 times at 100 at, 3 times at 150 and 2.8
times at Q0C at. With this it should be noted that curve ulp) has
the same character as for pure ammonium perchlorate., With addition
of ammoniuvm fluoride to perchlorate it starts to burn stably only
sl pressure 300 at, and at 200-250 at combustion dies down; slowing
of combustion occurs 2.2 times at pressures up to 500 at and 3.2
times at higher pressures.
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Fig. 2. Photographs of combugtion of ammonium perchlorate fres LN
with diphenylamine at various pressures: a) at 55 at, Comer!

b) 157 at, ¢) 505 at, d) 755 at. % =)

Fig. 4. Effect of lithium e i e
fluoride (5%) cn combustion g [~ Y
of stoichiometric mixture

of ammonium perchlorate &3 s
with coke: 1 — mixture with

coke, 2 ~ the sa. = mixture

with lithium fluuride,

Change of the combustion behavior of ammonium perchlorate

with the presence of diphenylamine with increase of pressure from
50 to 1000 at can be seen from Fig. 3.

The inhiblting action of additives also appears during combustion
of mixtures on an ammonium perchlorate base.

On the graph of Fig. 4 there is shown the dependence of combustion
rate on pressure for a stolchiometric mixture of ammonium perchlorate
with coke, and also at its pressure with 5% lithium fluoride; the rate
is reduced 1.5 times at pressures up to 500 at, 2.7 times at 750 and
2.5 times at 960 at, A similar picture was observed at pressure of
5% (NH4)2C204 for stoichiometrical mixture of ammonium perchlorate
with fusible monomer (10); lowering of the combustion rate at <300 at
was 1,5 times,
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Flg. 2. Character of destruction of the
surface of fiberglass in saturated solu-~
tion Ca(OH),, &) after twenty-four hours,

b) after 1 month, ¢) after 3 months, d)
characteristic "points" of crystal hydrates
on the surface of fiberglass., Fllming is
in polerized light, g50x,
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Fig. 4. Appearance of surface defects of
basalt glass fiber, located 2.5 years in
cement stone of gypseous-aluminous (a) and
aluminous (b) cements, X.
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’ 7§i Slowing of combustion with the introduction of the studied
S additives can be connected not only with their influence on the
1 35 che . m of reactions, occurliig during combustion, but also with
'g‘ cr : of thermochemical parameters, particularly with lowering of
ng "eat ind combustion temperature, Table 1 shows the rated combustion
%. ratures®* of ammatol 80/20 in pure form and with additions of
w i 3a. 3, applied both in this investigation and earlier (3).
1 Table 1, Combustion
4 temperature of ammatol
80/20 in pure form and
with additives (10%).
Additive Z%?b" AT
ﬁ;‘l;c)\fa addltivis g;;_;gs i ,’{%Q}A?iﬁ? i E‘ggﬁ?
Lo | Ee g e U AR
Kl 2730 | 145 i e 3y FE B Pﬁ»':
NILCI 280 | 288 ANLHETY ) gUi iﬁ
Note: AT = Tommatol
minus Tammatol

with additive,

From the data of Table 1 it 1s clear that all additives lower
the maximum combustion temperature of ammatol, however, Jjudging by
the influence of the studied additives on combustion rate, it is
not the determining one. Thus, with the presence of ammonium
oxalate, &s we have seen above, the combustion rate is decreased,
and with the presence of the remeining additives [3, 5, 8], on the
contrary, 1is increased. This indicates that the chemical nature of
the additive hes a decisive influence, and this may be seen especially
clearly during comparison of the influence of oxalates NHu and X:
with the presence of K, on the contrary, increases 1.5 times, which

can serve as confirmation of the correctness of the above-expressed
hypothesis. Let us note, incidentally, that the inhibiting action

of additives, especially in the case of combustion of ammatol, appears
in the entire studied range of pressures, and this can signify that
the reaction of dissociation is prominent.

s jw
i AR B

ok
ik

o

FTD-MT-24-285-68 7

,
| B!
»

Ty

i o YL YA POV 101 R 0N B SN TN S R e O R KT B T e wonad SO T i £ S FOSL A R N s




LN

g/

N - -~ I T L S v

SN ULeh us peuse further on the inhibiting effect of 1ithiwm fluoride

‘Exgéﬁgbusﬁiancﬁ It is necessary to assume that in this case the
‘i@é%éygﬁgggegnanigm of reachlons during combustion is the same,
%hn§é§§r5ii Ts carried out through an inbeymediate stage: thus,
gyiﬁﬁg:combustign~of ammonium perchlorate with lithium fluoride the

‘eiéﬁﬁe;-first interacts with it according to equation:

- . - - r— s w3 W

NULI0; 4 LiF = LiCIOs 4+ LT,

&nd ‘then the forming ammonium fluoride is décomposed into NH5 and HF:
NILE = NIfy - 1IF,

which leads to slowing of the combustion process. If this is so,

then the direct addition of ammonium fluoride should have a stronger

inhibiting action on combustion, since in this case the intermediate

stage is excluded, which was indicated above. Actually, from Fig. 2

It 1s clear that ammonium fluoride is a more effective inhibitor of
combustion than LiF.

Finally, we should note distinctions which can be obtserved,
and indeed were observed frr various types of inhibitors. Regarding
the influence of easily decomposed ammonium salts, their action is
equivalent both during combustion of mixtures on an ammonium
perchlorate base cnd nitrate, inasmuch as in thls and in other cases
-4m ‘the products of primary decomposition there is contained ammonia.®
A different picture 1is observed with the introduction Qf inhibitors
with reducing properties. 1In a case of combustion of mixtures on
an ammonium nitrate base, diphenylamine, for example, can directly
afifect one of the primary decomposition products — nitric acid; in
the case of combustion of mixtures on an ammonium perchlorate base
the pitcture can be changed somewhat. The effect of diphenylamine,
a8 we have seen, appears more intensely at pressures above 500 at,
which 1is apparently connected with decomposition of perchlorate in
this region by another mechanism, including the formation of nitrogen
oxides, for example [12]:

4NIL,C104=22Cly - 303 - 81130 4-2N30  OT  2NH(C104=4H30 + Cly 4- 0, -+ 2NO.

FTD~MT-24 -285-68 8
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The change of combustion mechanism of ammonium perchlorate with the
presence of diphenylamine with pressure is also indicated by the
change of combustion behavior (see Fig. 3).

Institute of Chemical Physics, Submitted
Academy of Sciences of USSR. 21 January 1967
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Pootnotes

1It is necessary to note that ammonia itself possesses reducing
properties.

2Ammatol 80/20 was taken inasmuch as it makes up the base of

industrial explosives, besides pure potassium nitrate in a constant
pressure bomb is not combustible [5].

SExperiments on determining the influence of diphenylamine on
combustion of ammatol 80/20 are conducted by O. K. Andreyev.

“Calculations were performed without taking reactions of
dissociation into account.

®Inhibiting action of lithium fluoride during combustion of
perchlorate powders was studied by Horton and Rice {11].

_ ®Dissociation of perchlorate with thermal decomposition on the
surface during combustion was also assumed:rby Anderson and Chaiken
[13]. Inami and others [14].
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