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| “ ABETRACT

A eeries of pyrolysis experiments have been performed on Ammonium Perchlorate

iAP) ranging from low temperature solid phase decomposition to high heating rate
10 C/sec) flash evaporation. The aim of these experiments waz to study the
effects of gas phase reactions and to determine the nature of AP pyrolysis at

heating rates that are representative of actual propellant systems. All experi-
ments were performed with the use of transient mass spectroscopy. The results

may be msummarized in thres catcgories

1. High temperature fiash oven pyrolysis results showed product gas spectra

eimilar in nature to the solid phase decomposition spectras but did not how the
exletence of any C12.

2. The flash evaporation experiments resulted in product gas spectra with
a pronounced sublimation like character even at flash temperatures as high as
600°C, This suggeste that AP at high heating rates essentially sublimes into

the gas thase and that the solid phase reactions are too slow to take pert in
the pyrolysis process,

3. Some preliminary experiments were also perfoimed with doped AP, but
conclueive data was not obtained.
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Protlen Siatement.

As part of the Army's broad attack on the fundamental questions
reiating to propellant ignition, the present research was initiated
in order to study the gas phase ignition mechanism of Ammonium
Perchlorzte (AP). The primary goal of the work wes to study AP decom-
position chemisiry under conditions that are characteristic of actual
rropellant ignitien and combustion, Namely, at surface temperatures
in the range of 400 - 600°C with heating rates in the range of 10° -
10?°C/sec. Tne technique used for the study was the rapid vaporization
of a small sample of AF in order +*o form an unsteadily expanding and
simultanzously reacting gas cloud in vacuum with initial pressure and
temperature correspending to that likely to be encountered in actual
wropellant combustion., This expanding cloud was sampled or “"skimmed"
for mass spectroscopic analysis. Several methods were used to accom-
plish vaporizatien, AP was flashad in a hot oven in front of the
tinme-of-fiight mass spectroscope:r AF was sublimed onto a thin ribbon
from there it was flashed into the mass spectroscope, Lastly, AF powder
was physically placed on the thin ribbon from where it was flashed as
before.
Results,

The rosearch program was exploratory in nature, and it was aimed
at answering such questions as:

Is transient mass spectroscopy a meaningful t~chnique to use for

the study of ignition mechanisms of -olid propellant systens?




What is the effect of a relatively hirh pressure product gas
cloud over the decomposing AP surface?

What is the nature of AP decomposition under realistic heating
rates in the range of 10° - 1070 C/sez?

What is the effect of controlled impurities on the decomposition

of AP?

Some of these questions were answered during the course of the
research program, but some of them were examined only in part. The
following is a brief exposition of the results that were obtained and
described in the publi¢ations listed in this report.

It was found that transient mass spectreoscopy is one of the
techniques that can be used to make a high pressure reaction compatible
with the vacuum requirements of mass spectroscopes. Perhans it may be
considered as a parallel technique with high pressure sampling each
having its own advantages and disadvantages. The results of the present
work show that transient mass spectroscopy can be used to study propellant
ignition and deflagration chemistry. Furthermore, with the flash
evaporation technique, realistic propellant heating rates can be
achieved, The reaction "freezing" feature of the gas-dynamic expansion
of the product gas cloud was clearly demonstrated by the fact that sub-
limination products were nreservec throughout the expansion, even at

flash temperatures as high as 65000.




High temperature flash oven pyrolysis results showed product gas
spectra simllar in nature to the solld phase decomposition spectra,
but did not show the existence %f any Clz.

Flash evaporation results indicated that at high heating rates
AP predominantly sublimes into Ammonia and Perchloric acld and that
the final decomposition takes place in the gas phase. Increasing
the gas phase reslidence times or the quasi-steady product gas pressure
in the high temperature oven resulted in an increase in the 02 production,
Nevertheless, the spectra still remained at high heating rates essentially
sublimation like in character,

Joped AP samples were zlso flashed Into the time-of-flight mass
spectroscope. The technique of supporting the samples on the thin flash
ribbon was developed relatively late in the program. Hence, the study
of doped AP remains incomplete. Nevertheless, it was found that doped
AP powder can be pyrolysed at extremely high heating rates and their
decomposition chemistry can be compared to that of pure AP, It 1s hoped
that future experimental work employing itransient muss spectroscopy atb
high heating rates will explore the Important questlions relating to

doped AP.
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