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QUARTERLY PROGRE SS REPORT 02

Birmingham Ordnance Contract DA-O1-009-ORD-1023(Z), Psrt 1, entitled,

"A Study of the Decomposition YnachanIcm of AmmonitumPorehlorate"

For the period: I July to I October 1964

1. Introduction

This study of hV decoposition of amnonlum parchlorate (hereinafter

obbreviated AP) upon the application ofheat is employing differential

thermal analysis (DTA) to obtein the date needed for the evaluation of

4ctivation enar, ns, rection orders and mechanioms.

In qtiarterly report M1 w. dencritd the process of DTA and developed

the ctho:atical treatmnn of the ,nanured data which ould yield the

desiroed qttntities. Also, there was reviewed and munnariz.d the current

p.blished thou-htr, rln1i .r.;; iLh4e chang:. ',,hich transpire as AP is heated

from 25 to 450°C., Four d.r.tinct chaiigrs are recognized, These are an

erdothermic cry3ta. trannonration (ahout 2400Q, an endothermic

st:blimititon procenr (247-347 C), a low temperature exothermic decomposition

(below 350 0 C) and the l.r,;e, exothermic high temperature decoapoaltion

(&bove 35 0 C).,

Ui.g UTA, th.- peank t, mp4.rature (T ) for each of these processes is

(, asurcd as a function of the rate of heating (f). A plot of In('?/TI 2)

vs 1/t ther. should give a straight line plot where the slope of the plot

i, (-) R, . 1.-neing the activation energy of the change and R is the

univers#11 gan rcorstAnt.

2, Cur-ccnt Effort.

1>irfq, t;1r perfxd en this ripert work first was expanded on
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procuring end eaactabling the DTA equipn.ent.

The r & M Hadel 2404, Proportional Power Proportioning Temperature

Progr,r.r, purchesed new fromu the manufacturer, on receipt was found to

.e def -ctive and repair to, faulty wiring caused delay in placing it in

opera tion.

The V zalh y Mod 2 X-Y recorder received from a Government

Surplus varehoue in California was ixn-operative and much time was

con ur orJ in de ',r-ning -:',* eplacirg faulty components.

Fig,. 11 ir, a block diagram ,jho,,Sng the components of the DTA

ccpsim'nt being u.rad and their rf atioahips. The heater and block are

ahown in more detoil in O (a) and (b). These were constructed in

our own Pihonr.,

.: uce of the ' ,gent S? recorder is to follow the heating re~e

so that i t can be ,ino-om wtth certainty at each pea',. te.peretture on the DTA

:lot. Such in necessary arv experience hes demonstrated that the setting

on the temperature programrr is onlj approximate.

Into the block are inserted two glass sample holders as pictured

in Fig. #3. Thnso hold the .R' (sample cell) and Al203 (reference cell).

After the sample and refcrence materials are placed into the respective

holders and ti.i?,td into placa, the thermocouple probe, containing the

*Cbromel-Constitntan the'tiocouple, "is then pushed through the center of the

material. Thece theorocuiples transmit signalc to the y-axis of the

recorler. Ainother therencrouple in the block transmits a Dignal to the

x-axis. A correction tni,, ;ixperimentally determined, must be algebraically

rlded tor~ tl,,, to,,n t'e teaperattrc in the conter of the reference.

it ica fr.ji-':d ;nt ttv r-,icsj,7dP.r wouNd not function properly if an atterpt
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was made to record the signal from the reference thermocouple on the

x-axis suaultaneously with the signal from the voltage difference being

recorded on the y-axis.

The side ":rm on the sample holder (Fig. #3) allows the sample,

while being heated, to ba subjtctOd to vacuum, normal atmospheric pressure

or increased pressuro of an unreactive gas such as nitrogen.

(b) Me.trinl

The AP ut;cd in the runs reportd herein was obtained from the

C. Fredrick Smith Chemical Co. of Columbus 22, Ohio, is item #3 in their

ca.talog, and is cla.ioified as reagent grade. When used from their bottle

without furth- treatment it will be listed as stock material., The

wateL. was kept in a drsiccator over P4010 to insure no moisture being

absorb-d. In an effort to obtain particles of AP of different sizes

the rtock ctcrlai was screened through two stainless steel wire mesh

sieves. Thsat retained by U.S. 40 mesh will be called coarse, that retained

by U.S. 60 meoh will be designated medium while all passing through the

50 mesh will be tarmed fine.

(c) Revil.ta

B.fore cor=nencing DTA runs with AP we desired to know and have

conaiftence In the peorformance of our equipment. Samples of ammsonium

nitrate, benzoic ncid, sodium nitrate and silver nitrate were studied and

the valuea for changes compared to those quoted in the literature
arti~cle of Barctod (&m. n gost, .2, 667 (52)). The following

table chows our results and It is felt that most of the determined values

a,.-rnc " ') re 'eble limits to those quoted In the literature.
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THeamured at heatine rate of

_______ j..LMMEfl 2 /£kn /mn : 10/min

NHANO 3  Inversion 32 0 C 39.1 42.8 38.3

NH4 NO 1nvexion 85 82.4 87.3 85.5

14 NO3  Inversion 125 124.5 125.4 127

144 NO 3  Fu,"on 170 166.8 166 169

Benzoic acid Funion 121.8 123 123 125

NaNO 3Fucioa 314 306 306 308

AgNO3  Inversion 160 163 164 168

AgNO 3  rusion 212 208 208 209

Dur i ng this period we have made 52 separate DTA runs on AP

samples at various heating rates and under either atmospheric pressure A

or partial vacuum,,

instead of recording all the erperimental curves obtained the

data will be presented in tabular form. In Fig. #4 we have recorded a

typical DTA plot. Curve (A) is for AP Xa, air while being heated; (B)

represents AP vs, partial vacutim, On curve (A) reading from left to right

four peaks may be found and ,iill be numbered as shown. Peak #3. an

endothermic peak is noted only when stock or coarse material was heated.

As seen in the (3) curve of Fig. #4 only three peaks are noted.

In the following tobles, first, is indicated which peak temperature

was being measured, the type of AP hoated and the atmosphere above the AP.

The coluns then show our sample no., the weight of AP added

to the sample tube, the peak temperatutre in degrees Centigrade and Kelvin*

the rate of heating in degrees per minute as d'termLned from the S.R.

:ccorder plot, th paok temperature in 0 K squared, the ratio of the

besting rate (9) t T 2 the reciprocal of the T and finally the natural
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logarithm of the ratio. On a separate plot, numbered to correspond to

the table num'.er is the graphical plot of in(Y@ s) vs. '/? for a

selected few of the tables. By estimation, the best straight line has
been constructed tbrough tha plotted points and the slopes determined.

Multiplying these slop c by the value of Rt (1.99 cal deg 60le) gives

t.he activation cnergies suotnarized in Table 18.

At this tire we feel that inouffictent data has been collected '
to attempt to draw eny conclusions. Such will be a part of later

di.scussions ,.

No attmpts have been made yet to determine reaction orders from

these data,.

(d) Przsent Pllena

Efforts not continue on measuring the DTA diagrms of AP

decompo ition, t.iare the thrne particle sizes are run under a nitrogen

atosphere to zoinm.ize the subliation process. Our next atop will be

to zmake .aurt'ement._ with vr:rious cata)yRts added to the A? to determine

',hat possible effict such catalytic agentt; way have on activation energy

tgni tudes P

a a, s E. Land
P act Super'visor

8 October 1964
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TA2LB AVIII

Sample Atmospiere Peak Mlope. A-tivation
No. energy in

cal./mole

Stock AP air 1 -37.0 73.6

Stock AP air 2 -97 18,2

Stock AP air 3 -1200 29.8

f Stck AF' air 4 -~25,8 51.3

roarsa AP ai- 1 -11.9 237

C*carsa AP -ir 2 -40.0 79.6

Coarse AP alr 3 .

Codrat; AP air 4 -70,0 139.3

Nedimr AP air 1 -54.3 108.0

Medium AP air 2 -15,06 31.6

NdiUm AP 4 -84.6 168.4

Finis AP air 1 -45.0 89.6

Fint' AP air 2

Fine AP air 4 -18.3 36.4

Stock AP aIum 1 -.60.0 1.9.

Stock AP vacuum 2 - 7.7 15.3

S~tock A vacuum' 3 -20o0 39.8

-*- insuffiri da a fr whi.h to make the ualcu ictono
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