Reproduced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

e




DISCLAIMER NOTICE

THIS DOCUMENT 1S BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT

'NUMBER OF PAGES WHICH DO NOT
 REPRODUCE LEGIBLY.



ROTICE: When govermment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any wvay
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
vise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



‘araLoep 81 ASTIA
AD No. 298 69

TRANSLATION

THERMAL DECOMPOSITION AND BURNING OF
AMUONTUM PERCHLORIDE

By
A. A. Shidlovekiy and L. F. Shmagin

FOREIGN TECHNOLOGY
DIVISION

AIR FORCE SYSTEMS COMMAND

WRIGHT-PATTERSON AIR FORCE BASE
OHIO




L P2

P

FID-TT-go-1902/1+2+4

UNEDITED ROUGH DRAFT TRANSLATION

THERMAL DECOMPCSITION AND BURNING OF
AMMONIUY PERCHLORIDE

By: A. A. Snhidicvckly and L. F. Shmagin

English Pages: 7

Source: Izvestiya Vyssnikn Ucnebniknh Zavedenliy,
Knmiya i Knimicneskaya Teknnologiya,
Vol. 5, No. 4, 1962, pp. 529-532.

52-1€85
SOV/153-62=5-4-

THIS TRANSLATION IS A REXDITION OF THE ORIO)
NAL POREIGN TEXT WITHOUY ANY ANALYTICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES PREPARED BY»
ADVOCATED OR INPLIED ARE THOSE OF THE SOURCE
AND DO NOT RECESSARILY REFLECT THE POSITION TRANSLATION SERVICES BRANCH
OR OPHION OF THE PORRICH TECHNNOLOOY Di- FORZION TECINOLOGY DIYISION
VISION, , WPAFB, OO,

“TD-TT-62-1902/1+2+4 Date_19 rev 1963
P



THERMAL DECOMPOSITION AND BURNING OF AMMONIUM PERCHLORIDE

A. A. Shidlovskiy and L. F. Shmagin

Ammonium perchlorate NH,Cl0, was first synthesized by Serullas
in 1831 [1]). Since the 1900's it has been used as an oxidizing agent
in various explosive, powdered, and pyrotechnical mixtures [2-4]. The
production of ammonium perchlorate and the quality of the conduct ob- '
tained have been described earlier [5-7]. ‘

The physicochemical properties of ammonium perchlorate have been
described with sufficient detail in manuals [8,'9] and monographs
(2, 7, 10]. The heat of formation (-AHzes) of crystalline NH,C1O,
is indicated as equgl to 69.42 kcal/g-mole [11, compare also 12, 13].

Thermal decomposition of ammonium perchlorate ias studied by
Naoum and Aufschlager [14]), Kast [15], Dode [16], Bircumshaw and
Newman [417], Bircumshaw and Phillips [18], Galwey and Jacobs [419],
Hermoni and Salmon [20], Solymosi and Revesz (21]. The process of its
burning (without additions of combustible substitutes) was studied by
Adams, Neumen, and Robins [22], Friedman, Nugent, Rumbel, and Scurlock
[23), and also by us [24). In recent years a number of works have
appeared in which the burning process of mixtures of NH(C1l0, with

various organic substances were studied, for example [25]; many of
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these works found reflections in literary reviews [26-28].

Our study is a part of an investigation whose end purpose is to
explain the mechanism of exothermic decomposition of ammonium salts
[24].

EXPERIMENTAL PART

Determination of the flash point of ammonium perchlorate with
catalytic additions was performed in a bath filled with Wood's alloy
with test tubes inserted into it [29]. The rate of heating the bath
was 20° per minute. The sample of NH(ClO¢ weighed 0.2 g. The results
of the determination are shown in Fig. 1.

TABLE 1

Flash Point of NH(Cl1O.
with Catalytic Additions

Catalytie Flesh
addition P'},?o Corments
Without Starting from
additien >30 |3 ihim
Yapors are re-
leased; on
heating to 360 |
. flashes are not'
- ) abserved
MnO,—5% 260270 |Liaht flakes with
the appearenes of
fire
CuyCly—5% 200 Same \

Combustion of the ammonlium perchlorate was done at atmospherlc
pressure at room tempgrature in glass tubes with an inside diameter
of 22 mm. Compaction of the substance was done by hand with a wooden
plunger. The density of the combustible samples varied within 1.10-
1.20 g/em®. The height of the column of the combustible substance in
all experiments was from 2.0 to 2.5 cm. Firing was done by a loop of
nichrome wire heated by an electrical current (12 v). The dburning
time was measured by a stopwatch. The amount of the catalytic addition
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varied from 108 to 0.56. As catalytic addition we tested coupoﬁnﬁn
of elements having a variable valence, chromium manganese and copper:
KaCraOr, MnOs, KMnO., CuCls * 2H20, CuaCla. '
We used ammonium perchloride with 99.25% NH(Cl0, which had been
passed through a No. 58 sieve. The data obtained are shown in Table 2. l

-

TABLE 2

Burning Velocity of Ammonium Perchlorate
with Catalytic Additions

Burning
Catalytio Burning
addition time, 800 :‘_}:::” Cousrertts
thout additi — - Doesna®t burn. Violent vepors
w - are released on heating & wire
K,Cr.O,—lO% -— o—;‘ 9 Same
Mn0, 57 0,040
. % 60 0,040
55 0,042
. 3 - - Iaum.‘:: dl.;: out several
seconds r switehing off ine
tense heat
MaO,—10% 73 0,020
KMnO,~10 73 0032
[ 4 5“ lg’ 8.8%.
. (11 - - Ignites, tut quiekly diss out .
. % 31 0,074
CuCly2H,0=8 3 0o
. N 49 0,045
- 52 0.044
. 2% 56 0,041
53 0,042
’ . 1% -— - Ignites, tut quieXly dies out
® - 5% 0,095
CII:C-I. g% % 0,078
. 1% 38 ,059
o 0,5% 70 0,029 Mmonium perehloreate next te-
lower part of tube walls dian‘g
burn

* A1l experiments with CuzClz were earried out in Wubes with an ineide diame
eter of 34 mm,

As we see from Table 2 under the conditions of our experiment
ammonium perchlorate is able to burn when catalysts are added to it:
MnOz, KMnOy, CuCla ° 2Hz0 and CuaClas*. Maximum burning velocity is
observed on addition of copper compounds; on addition of CusClas

# New data on the structure of compounds Cua01§ and CuClp - 2Haol
?gsg?own in Yu. K. Syrkin study. Uspekhi Khimii, 28, 904 and 918,
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burning is accompanied by the formation of a clearly noted flame.
Potassium bichromate (10%) does not make ammonium perchlorate capable
of dburning undér the. conditions of our experiments. The addition of
a small amount of hydrazine perchlorate [30] to NH(C10, consideradly
accelerates the dburning process. For example a mixture of NH.010,
(95%) + NzHsC10, (58) with the addition of 5% CuaCla (over 100%)
stably burns in a tube with a diameter of 2.5 mm at a velocity of
about 0.22 cm/sec.

The addition of any combustible to ammonium perchlorate sharply

increases the heat and temperature of the reaction. We prepared a
mixture of ammonium perchlorate with glucose in a ratio of 80 : 20
which corresponds to the stochiometric ratios. It was assumed that
the reaction should ocour according to the equation:

¥ 6NH 10, +CeH ;304 = 6COs + 18H/ 0 +3N;+3Cls.

‘ The calculated heat of this reaction was 995 kcal/kg.
§ The results of burning this mixture as such and with the addition
!

of a catalyst are shown in Table 3.

| TABLE 3
’ Burning of Mixture: Ammonium Perchlorate (80%) +
, + Glucose (20%) (Tube Diameter 10 mm)

: ' Colusm Durning
Catalytis Density, Durning
| | aaditien height, /e sim, soe oo
9 : v
? Witheut additien n ] 3 m
4 v 15 1 « 16
- . CeC,- 21,0 — 5% | i 3 4
. - 12 1 98 0128
| CurCly—S% 12 i 98 o1
{ 1]

It 1s interesting that the addition of glucose which sharply in-
creases the heat and temperature of burning camparatively little

r “,‘,
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inoreases the burming velooity of the system (compare, for example, .
0.09% mm/sec in Table 2 and 0.42 mm/sec in Tadble 3). ‘
It is possidle that burning of mixtures of ammonium perchlorgte
with organic substances occurs in two stages: at first burning of the |
oxidizing agent itself and then oxidation of the organic substances
by the decomposition products of the oxidizing agent similar to that
which takes place for mixtures of ammonium nitric with organic sube
stances [31]. |

CONCLUSIONS

1. Catalytic additions of compounds of elements with a variable
valence, namely: CuaClz and MnOp, considerably lower the flash point
of the ammonium perchlorate.

2. Amonium perchlorate without additions does not burn at atmo-
spheric pressure, room temperature, and tube diameter of 22 mm. It
acquires the ability to burn under these conﬁitiom when we add to it
not less than 5% MnOs or XMnO,, not less than 2% CuCls * 2Hg0, or not
less than 0.5% CusCls (the last addition was tested with a tube diam-
eter of 3% mm). '

3. The addition of 20% glucose to ammonium perchlorete (with a
catalytic addition of CuaCls) only slightly increases its ‘burning
velocity. This fact indicates that the leading process is the burning
of ammonium perchlorate as an individual substance, whereas oxidation
of the combustible substances is a secondary process accamplished by
the combustion prodn"qts of ammonium perchlorate.
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