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Burning Characteristics of the Molybdenum - Potassium
Perchlorate - Barium Chromate Delay Compositions

- by Long-Ming Tsai*, Chii-Horng Liaw*, and Yeong-Jgi Chen*

The ignitibility, - burning rate and its reproducibility for different compositions of
Mo-KCI10,~-BaCrO, delay elements are studied. It is observed that the compositions in
certain region of triangular diagram are not igmitible, and for reliable performance the
content of KCIQ, in the mixtures should not exceed 40%. With proper selection of for-
mulation, delay element having a burning rate from 0.027 to 7.5sec/cm can be readily
achieved. The experimental results also show that the burning rate can be made more
precise by vacuum annealing of pellet or by pressing an acceleration cavity at the input
end of pellet. Data from heat of reaction, autoignition temperature and X-ray powder

diffraction have been collected and discussed.

1. Introduction

Since delay composition play an important role
in the development of explosive trains, its quality
and reliability have strong effect on the perfor-
mance of the whole system. Although a large
number of delay compositions have been evaluated
for certain purposes (1)(2), in general, the molyb-
denum delays were found to have a wider range
of burning rate (3)(¢)(s). However, the ignitibility
and reliability of molybdenum delays have not yet
been thoroughly investigated. In this study, the ig-
nitibility, burning rate and reproducibility of the
Mo-KCIO,-BaCrO, delay compositions are in-
vestigated. In addition to formulation study, two
processing techniques namely vacuum annealing
and acceleration cavity are applied to improve the
precision of burning rates. Finally, thermal and
chemical data are collected to reveal with the
variation of performance quality.

2. Experimentals

2.1 Raw Materials

(1) Molybdenum, 99.9% pure powder, Z. Bruton
AG reagent, with average particle diameter 1.6#m.
(2) Barium Chromate, 99% pure powder, Riedel
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De Haen reagent, <63pm after grinding and siev-
ing. (3)Potassium Perchlorate, 99% pure powder,
Fluka AG reagent, <44um after sieving.

2.2 Preparation of Delay Element

The manufacturing process of the delay ele-
ments is schematically described in Fig. 1. The
delay powder is pressed in increments under
110,000 psi into a 10m long copper tube, 4mm 1.
D. and 8am O. D.. A 3.0en primer cap is used as
igniter. The primer time is less than 1.5msec (6).
A 0.05gm weight of Zr/Fe,0; (72/28) ignition
mixture is pressed on top of the delay pellet. The
burning time of this ignition mixture is about
3.5msec.

2.3 Burning Rate Measurement

A schematic drawing of experimental apparatus
is shown in Fig. 2. The burning rate is measured
with an HP-5315A universal counter. Timing
starts when the hammer hit the firing pin, and
stops when the photocell is actuated by the flash
of the delay pellet. Fifteen runs are fired for each
tested composition.

2.4 Vacuum Annealing and Acceleration Cavity

Two processing techniques are applied in an at-
tempt to improve the performance of the delay
mixtures, namely, by vacuum annealing of pellet
or by pressing an acceleration cavity at the input
end of the pellet. A schematic drawing of acc-
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Fig. 1 Manufacturing process of delay element.

Fig. 2 Apparatus for delay time measure-
ment.
1;hammer, 2:firing pin, 3;primer,
4:delay element, 5:dark chamber,
6;phototransistor, 7;interface,
8:counter.

eleration cavity configuration is shown in Fig. 3.
For the case of vacuum annealing, the delay mix-
tures are heated under vacuum at 130T for 64
hours.

2.6 Therma!l and Chemical Analysis

Parr bomb calorimeter and autoignition temper-
ature tester have been employed for the measure-
ment of heat of reaction and autoignition
temperature of the delaymixtures respectively.
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Schematic drawings of delay
elements.

1:body, 2:ignition mixture, 3:delay
composition, 4:contraction hole.

REGULAR

Fig. 3

Heat of reaction of Mo-KCIQ, binary mixtures
are measured under 25 atm argon. Each test sam-
ple weigh 10gms is pressed to form a thin disc at
110,000 psi which can be ignited by the tungsten
wire assembled inside the bomb. The autoignition
temperature tester was supplied by Julius Peter
Company, Germany. In which, 0.5gm of the delay
mixture is loosely packed in a test tube immersed
in Wood's metal bath. The temperature of the
bath is controlled to keep at a 5T /min increment.
When the delay mixture sample reaches its auto-ig-
nition temperature, it will ignite with a sudden
puff. Precision of the measurement is about +2T.
Gas evolution tester was supplied by Haake Com-
pany, Germany. The sample used for total
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Fig. 4 Boundary of ignitible compositions of
Mo
-BaCr0,~KClO, mixtures.
QOimay or may not ignite, @;not ig-
nitible, O:ignitible.
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Fig. 5 = Burning time (sec/cm) of Mo-BaCrO,
-KCl0, mixtures.

gas evolution test is prepared as those for Parr
bomb calorimeter. Ignition proceeds in a 50 cc
thick wall bomb furnished with tungsten wire
heating device. Before the test, the bomb is con-
nected to a 3 liter flask which is under nearly
vacuum condition. After ignition, the gas pressure
inside the flask is measured, the total gas volume
is then converted to 0T, 1 atm.

Philips PW1050/71 X-ray powder diffractometry
is used for the analysis of the residue after burn-
ing of the delay elements. The gaseous combus
tion product from the bomb used in gas evolu-

Kogyd Kayaku, Vol. 48, No. 3, 1987

BaCro,

< .0
A, a1t \:lpﬁa 38 LI T

Fig. 6 Coefficients of variation of burning
time of Mo-KCl0,-BaCrQ, mixtures.

tion test is connected to sample inlet system of
Finigan 4023 GC/mass spectrometer for the iden-
tification of the presence of Cl, gas.

3 Results and Discussions

3.1 Ignitibility, Burning Rates and their Coeffi-

cients of Variation

In the study of the combustion behavior of Mo
-KCI0,-BaCrQO, mixtures, we found that some of
the compositions could not be burned completely
and some of them could even not be ignited. The
results are summerized in Fig. 4. Fig. 5 and Fig.
6 are the inverse burning rates (sec/cm) and
their coefficients of variation of Mo-KCIO,-BaCrO,
delay compositions respectively. The coefficient of
variation is standard deviation expressed as a
percentage of the mean value. The non-ignitible
compositions are designated as region 1 in Fig. 5
and Fig. 6. In region I, the mixtures have inflam-
mability with relativey large amount of gas evolu-
tion, and the coefficients of variation for burning
rate are significantly higher than those in region
M. It can be realized that the delay mixtures will
not have good performance quality if the content
of KCIO, exceeds 40%. For reliable performance,
delay element compositions can be selected from
those in region Il where the burning time varies
0.027 sec/cm to 7.52 sec/cm.

3.2 Effect of Vacuum Annealing

Table 1 shows the examples that vacuum anneal-
ing treatment affects the performance quality of
Mo-KCIO~BaCr(Q, mixtures. It can be seen that
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Table 1 Effect of vacuum annealing on the performance quality of Mo-KClO,-BaCrO, mixtures
rvf(:./x'lr?(l.:lll?)tions 30/70 50/50
o wt.
ratio | 20/80 [30/70 [ 6w, % | + 9wt. 95 | 40/60 | 50/50 | + 10wt. 9 |+ 20wt. 95| 60/40
Results BaCrO, | BaCrO, BaCrO, | BaCrO,
Burning time treated 4.9 2.3 2.5 3.3 1.26 | 0.2 0.47 1.06 0.14
Ssee/em) &UATEREC s plare)| 153 | Lo [aan|@ 8 | azo | 153) |@.6)
°€,,2")'i;’:‘i°" Vaceum* | 2,17 | 1.07 | L21 .68 [0.8 [0.29 | 0.72 .27 | 013
parenthesis |Annealing[( 6.3)(( 9.2)| (11.7) (16.0) ((12.5)](8.4) | (11.8) (15.3) |(8.8)
* Evacuated under 130°C for 64 hours.
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Fig. 7 Effect of acceleration cavity configura-
tion on the performance quality of
Mo-KCl0,~BaCrO; mixtures.
Mo/KC10,=50/50, ——regular type,
------ with acceleration cavity.

after vacuum annealing, the burning time of the
mixtures are changed and the coefficients of varia-
tion are reduced. The compositions listed in Table
1 are those selected from the region I of Fig. 5
&6. Whereas the delay compositions inside region
It which already have satisfactory quality, the
vacuum annealing treatment does not give signifi-
cant change or improvement in the consistency of
their burning rates.

3.3 Effect of Acceleration Cavity Configura-

tion

Fig. 7 and Fig. 8 show the effect of accelera-
tion cavity configuration (7) on the performance
quality. It is recongnizable that the burning time
of delay pellet can be made more precise by this
design. Some U. S. military explosive devices
have adopted this design. According to their report,

BaCr0, Content {wt.% }

Fig. 8 Effect of acceleration cavity configura-
tion on the performance quality of
Mo-KC10,~-BaCrQO, mixtures.
Mo/KC10,=30/70, —regular type,
------ with acceleration cavity.

acceleration cavity configuration is attempted to
reduce the variation of burning rate due to high
thermal conductivity (8) and the inconsistency of
roughness of the delay tube wall (7).

3.4 Heat of Reaction and Autoignition Temper-

ature

Fig. 9 shows the heat of reaction and autoigni-
tion temperature of Mo-KCIO, binary mixtures.
For those molybdenum content higher than 809%
or lower than 18%, their autoignition temperature
are higher than our experimental limit 400C, and
the heat of reaction are found to be lower that
350 cal/gm. For these compositions, the low heat
of reaction may not provide enough energy as re-
quired for successive ignition to sustain flame pro-
pagation. This argument may explain qualitatively
the ignitibility of Mo-KCIO, mixtures shown in
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Fig. 9 Heat of reaction and autoignition
temperature of Mo-KClO, binary mix-

But, from the results that certain amount of MoO,
and K;Mo,0;; have been found in the combustion
residue, and that C)l; gas has been found in
gaseous combustion products as shown in Fig, 10,
it indicates that only considering equation (1) is
not enough to understand the detail combustion
mechanism, some other chemical reactions must
be taken into account. In other respect , the
weight burning velocity increases monotonically
with the molybdenum content (Fig. 11). These
results suggest that the burning rates of mol-
ybdenum delay compositions can not be correlated
with their caloric output, but appear to be a func-
tion of the thermal conductivity of the mixtures
(9)h0),

3.5 Gas Evolution

Fig. 12 shows that the amount of gas
evolution of Mo-KCIO,-BaCrO, mix-
tures in region II is much larger than
that in region II. Free oxygen is con-
cerned as the major component in gas-
eous products, because free oxygen
may be released if the potassium per-
chlorate is stoichiometrically excess with
respect to molybdenum (3). Our observa-
tion also concludes that larger amount
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of gas evolution for the compositions in
region II of Fig. 12 are due to higher

Fig. 10 Identification of Cl, in the burning products

of Mo/KCl0,(30/70)mixture by GC/MS
analysis.
Fig. 4. That is, for those molybdenum content
higher than 95% and lower than 189%), the delay
columns are not able to burn through. We have
noticed that for the excess fuel compositions
whose molybdenum content varied from 80wt% to
95wt% are combustible. The explanation is that
the large percentage of molybdenum acts as a
good heat conductor, the unburnt column prior to
the flame front is preheated and therefore its ig-
nitibility is enhanced. In this system, the heat of
reaction reaches a maximum at approximately
48wt percent molybdenum content. Therefore this
result qualitatively may agree with the following
stoichiometric relation suggested by other in-
vestigators (4)
4Mo+3KCIO,—=4Mo0;+3KCl (1)
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Fig. 11 Heat of reaction and weight burning
velocity of Mo-KC10, binary mixtures.
delay tube:brass tube of 4rz® and 10
m length.
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Table2 Relative diffraction intensity of the combustion residue of Mo/KCIO,
mixtures from X-ray powder diffraction data.

Combus}ion Mo KCl MoOs MoOg MoO, KsMo, O3
Residue (Cubic) (orthor- (hexago- | (mono-

Mo/KCIO, hombic) nal) clinic)

(by wt.) 26=40.4 | 260=28.2 | 26=39.2 | 20=19.2 | 20=36.7 |26=25.3
70/30 1 0.754 0. 033 0.043 0. 156 0.08
50/ 50 0.33 0.58 0. 036 0.06 0. 101 0. 094
48/ 52 0.32 0. 57 0. 029 0,192 0. 062 0.043
40/ 60 0.38 0. 86 0.058 0.275 0.029 0.123
20/ 80 0.70 2.59 0.101 0.138 0. 036 0. 326
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Fig. 12 Gas evolution (ml/gm) of Mo-BaCrO,-
KCIO,; mixtures.

KCIO, content in this region. Furthermore, presence
of free chlorine in burning products also gives in-
dication that violent oxidation reaction can be oc-
curred. Although no attempt was made in this
study to include the detail quantitative analysis of
gaseous products, our experimental results suggest
that the chemical reactions associated with the
combustion process are quite complicated.
3.6 Analysis of Combustion Residue

Fig. 13 shows a typical X-ray powder diffrac-
tion spectrum of the reaction products of Mo—-KCIO,
binary mixtures. The components of combustion
residue are identified as KCl, MoO; Mo0O,;, K-
Mo,03, Mo, etc. Table 2 lists their relative dif-
fraction intensity of several binary mixtures. The
results indicate that the molybdenum can not
react completely even with very high oxidizer con-
tent (KCIO,). Riffault @) pointed out that the
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Fig. 13 X-ray powder diffraction spectrum of
the reaction products of Mo/KCIO,
(70/30) mixture.
QO Mo, A ; MoO;(othorhombic), A ;
MoQO,(hexagonal), [J: KCI, B K-
MO,0,;, @ : MoO,(monoclinic).

temperature of ignition of Mo-KClO, mixtures
varied for different compositions and the oxidation
of Mo would give MoO,, MoO;, Mo0,0,,, and
Moy0,; etc. Bernard et al (2 proposed that the
combustion residue might include MoO,;, Mo0;,
Mo,0;;, and MogO,; and MoyOz. Their revised
model of solid propagation rate has been found
quite successful for many pyrotechnic mixtures,
but does not fulfil the reaction of Mo-KClO,
system. Obviously, the detail mechanism of reac-
tion for molybdenum delay composition need to be
carefully studied.
4. Conclusion
(1) The combustion behavior of Mo-KCIO,
-BaCrO, delay compositions in obturated
system are investigated. Reliable performance
can be obtained for the range of burning time
from 0.027 sec/cm to 7.52 sec/cm by proper
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selection of formulation, while the content of

KClO, are confined not to exceed 40%.

(2) The burning rates of delay elements can
be made more precise by vacuum annealing
of pellet or by pressing an acceleration cavity

at the input end of pellet.

(3) The combustion residue of Mo-KCIO,
binary mixtures consist of MoQ,, MoO,, K;-
Mo,0;; and KCl, their relative content varies

with the ratio of Mo/KCIO, before firing.
Further study is needed for the better
understanding of reaction mechanism.
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