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Thermolysis of AP-additive mixtures, III1

2
GURDIP SINGH AND INDER PAL SINGH KAPOOR

Department of Chemistry, University of Gorakhpur,
Gorakhpur « 273009, India

Thermolysis of ammonium perchlorate (AP) in presence of
additives such as caCO3 and Ca0 has been inveastigated by ignition
delay, DTA,and photomicrography technigues. The ignition delay,
ignition temperature, and decomposition temperature and aotivatiom
energy are found to decreass when Cal wes incorporated in AP. How-
ever, Cza.(!()3 affected the ignition of AP at higher temperatures
(627-770°K) but very 1little effect was observed at lower tempera-
tures ({ 623°K). Thermolysis of AP seems t0 proceed through conden-
sed phase reactions in presence 0of Ca0 and 03003 and role of these
additives in the deflagration and decomposition of AP has alaso

been discussed.

The role of metal oxide additives (catalysts) in the deflag-
ration and decomposition of AP has been described by many workers
(1-T7) but not mch work seems to be reported on the effect of
inhibitors (additives) (refs. 3,8-12). Various salts of ammonia,
halogenides of lead and cudmium; mixture of ummonium salts and
halogenideas have been found to inhibit the deflagration rate
(3,11,12) of AP. Glaskova has suggested following three steps far
the inhibitory action of additives in the deflagration of AP

i
Preceding papers 31 see refs. 1 & 2.
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(1) Since ammonium salts liberate ammonia on decomposition

which shift the AP decomposition equilibrium to the left.

(11) Some additives bind HC1l0, and/or AP to less reactive compounds

4
and,

(111) BC10, decomposition is imhibited.

However, it should be noted that inhibitory actiom was even
observed with very small concentrghion of additives (i%) and hence
shifting of equilibrium would be very marginal and explanations
{41) & (111) seem quite plausible.

Understending of basic thermel initiation mechanisms is
neceesary to fully account for the combustion/explosion behaviour
of propellants/explosives (13-18). If the heat produced by the
decomposition of an emergetic material cannot be dissipated as
rapidly as it is liberated, the charge will self heat to ignition
or explosion. If activities of the reactants do not change aigni-
ficantly during pre-ignition reactions, the logarithm of the time
of ignition (tm) should be a linear function of the reciprocal
of the absolute temperature. Some workers (19-21) have proposed
the following relation (Eq.1) which has been found to be obeyed
by a large number of propazatively reacting systems such ag explo-
sives (22-25) and propellents (1-3).

B
tm=Aei/RT - (1)
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Where A is a function of the activity of reactants, T is
the absolute temperature, and B4 is the energy of activatiam
(ignition).

The complexity and transient nature of the surface reaction
zone makes experimental measuremdfit nearly impossible to conduct
under combustion condition. Therefore, it has been helpful to galn
insight in the deflagration mechanism by using techniques that
attempt to simulate some of the conditione (26), The objective Of
the present investigation was t0 examine the role of inhibitars
(edditives) such as CaCOy and Ca0 in the thermolysis of AP {stud ies
on catalysts are pudlished in refs. | & 2). Therefore, DTA, dgni-~
tion delay (under repid heating condition) and photomicrography
studies in the presence and absence of inhibitors, were undertaken.
The results suggeat that condensed phase reactions are predominant-
ly responsible for the thermolysis of AP in presence of CaCO
Ca0,

3and

Bxperimental
Materials

AP (Central Electrochemical Research Institute, Karaikudi,
Tamil Nadu) 100-200 mesh; CaC0O; and Ca0 (Merck) (200-400 mesh) were

uged as received.

DTA studies on AP and AP + additives

DTA studies were carried out in static air at BRDL, Pune,
using 10 mg (100-200 mesh) of each sample at a heating rate of
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10°C/min. The differential thermograms were recorded using a two
pe; strip chart recorder. Sample were placed in 2 thermocup (Pt)
and Al,0; was taken as reforence material. Pt-Pt (Rh 13X) thermo-
couple was used for recording the AT, The DTA thermograms for AP+
additives are presented in Figure 1.

Ignition delay measurement on AP with and without additives by
hot plate (HP) technigque

100 mg of the sample (additive concentration = 4% by wt.) in
the powder form was taken in a corning glass cup {di1a=2 cm and
height-4 om) and ignition delay was measured by the usual method as
described earlier (1,2). The mean of the four runs was taken to be
tyy showing less than +5% variation at each temperature and the data
are reported in Table 1.

Ignition delay measurement on AP with and without additives by
tube furnace technique

50 mg of the sample (additive concentration = 0.5% by wt.) in
the powder form wee taken in a ignition tube (height = 5 cm and
di8=0.4 cm) and ignition delay was measured by the same procedure
as reported earlier (1,2). The variation in t;, values {four runs)
vag lesa than +5% and ignition delay data are reported in Table 1.

Results and discussion

The decomposlition temperatures (7T3) were found to be lowered
as compared to pure AP when Ca0 and caco3 were incorporated in
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AP {Table 2). Very sharp peaks {exotherm) are observed for the
laters (Figure 1). These additives have also been found to lower
the ignition delay (tj.d) Of AP in HP technique upto 770°K and
above this temperaturs, t, 1is ennanced slightly (Table 1).

while taking ignition delay data, AP gave melt (visible to
naked eye) in presence of these inhibitors (03003 & Ca0). Plicker-
ing flame was 2ls0 Observed in this temperature range with higher
percentage uf inhibitors. The amount of melt formea was found to
increase with the increase in percentage of additives (10, 20 &
304). In order to supplement the formation of melt, the samples
of AP, AP 4+ cac03 (4%) and 4P + CaO (4#%) were photomicrographed
after heating these samples (10 mg each) on slides, at 573°K for
half an hour (Figure 2). On careful examination of the photomioro-
graphs it seems that AP + additive samples have melted whereas
clear particles are visible in case of pure AP which is reported
to decompose without melting (27).

The formation of melt seems plausible on account of the

formation of an eutectic mixtures of AP with Ca(Cl0 4)2 which might

have been produced as follows :

2NH,010, + Cally ——> Ca(0104)2 + CO, + H,0 + 2NN

4 3

AH, €104 + Ca0 ——> Ja(C10,), + 2Hz + HyO

Schumacher (28) has also reported the formation of Ca(<3104)2 as
gilven above. AP decomposition seems to proceed at a much faster

rate due to condensed phuse reactions which will facilitate the
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releass Of NH, and HC10, (decomposition products of AP). This
process continues upto 770°K and ignition delay was increased

at higher temperatures (> 770°K). It seems that liquid melt is
finished at higher tewmperatures and tid start increasing on
account of the presence of thermally etalg;e species such as Ca.cl2
which might have been formed as decomposition product of Ca(Cl0

)
d.543°%, 4’2
ref. 28). The thermally stable speciles (Caclz) might reduce the

(S

heat and mags transfer at the thermolysing surface of AP and
congequently ignition delay is enhanced. It i1s also interesting

to note that both these additives form a measurable amount of

thermally stable CaCl, (m. 1055°K ).

While taking ignition delay data with T technique, it was
found that tm is slightly lowered in case of AP+Ca0 whereas it
is 8lightly enhanced for AI’HL‘&CO3 in the temperature range 573-
623°K (Table 1). It seems that CaO is better additives for conden-
sed phage reactions. Moreover, CaCO3 i1s acidic and CeO is highly
basic in nature and possibility of formation of ca(c104)2 would
be much higher with the later than the former at lower temperatu-
res. Smell of ammonia was Observed when AP was mixed with CaO even
at room temperature. Thus, (:a((:lo“)2 formation in case of Cal

would lower the iznition delay at lower temperature as compared to

CaCO3.

In order to inveastigate the effect of additives on activetion
energy or ignition energy (E;) for the deflagration of AP, ignition
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delay data were fitted in equatign (1) and linear plots are
obtained (Figures 3 & 4). B, values (Tuble 2) are found to be
lowered for AP+Ca0 (HP techniqus), However, not much variation
was observed for AP+CaCly (T® techniquse).

The trend in lowering of Ei is the same whether the data
were taken with HP or T¥ techniques. Data obtained by HP and T¥
techniques cannot be compared because of the altogether different
geometrical shapes and heating conditions. In the HP technique
the sample 1is being heated up from the bottom side only, whereas
in the T technique the sample gets heated from all sides and
ignition temperatures are lowered. (HP temp. range was {2.-8HK
and ™ temp. range was 573-623K). Further, it is well known fact
that kinetic parameters vary with experimental conditions, even
if the decomposition mechanism 40 not change, and it is desoribed
as kinetic compensation effect (29).

Conclusions

cac03 and Ca0 have been found to lower the ignition delay,
ignition temperature and energy of activation of AP at higher
temperatures. Thermolysis of AP seems t0 proceed through condensed
phase reactions in presence of Cal and CACO.j, Ca0 1s better derla-

grating additive for 4P as compared to CaCOs.
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TABLE 1. Vardation of ignition delay (tid) with temperature

for AP with and without additives.

Technigue Temp. Ipnition delay (seg.)
(°K§ AP APy Cal AP+CaCO3
Hot Plate 622 DNI 70 88
651 DNI 35 56
682 NI 30 50
723 T6 23 37
147 58 21 35
770 4 20 30
793 21 19 28
815 17 18 26
838 16 16 24
871 13 18 19
Tabe Furnace 573 122 106 171
583 106 94 132
598 78 68 82
613 66 57 78
623 58 46 59

NI - D14 not ignite.
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figzes1. Derivatogram for AP and AP + additives.
(a) 4P (D) AP + 03003 (c) 4P + CaO.
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Filg.z.

Photomicrograph, made with itesearch Microscovpe
(NIKKEN TOKYO, Model No. TRM-3 {10x15)), for samples
heated at 573K for 30 minutes (a) AP (b) 4P + CaCo,
(4%) and (c) AP + Cal (4%).
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Fig.3. Plots of log(t,y) vs 1/T for 4P + additives(hot

plate technique).
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LOG (tig)

24
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x -AP+Ca0
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i6 i L. I
1.e0 .64 .68 172
T, K X 10°

Fig.4. Plots of log (tm) vs 1/T for AP + additives ( tube

furnace technique).
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