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NOTICE: When govermment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
govermment procurement operation, the U. 8.
Government thereby incurs no responsidbility, nor any
obligation vhatsoever; and the fact that the Goverp-
ment may have formulated, furnished, or in any wvay
supplied the said drpwings, specifications; ‘or other
dats 1s 1ot to be regarded by implication or other-
wise as in any mamner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that my in any wvay be nhtcd
thereto. :
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AUBURN RESEARCH PFPOUNDATION

. Office of the Directer Ostober 15, 1984 Tolaphone 067.4811
: Area Code 306

Commanding General
Ue 8¢ Army Missile Command
Redstene Arsenal, Alabams

Attentions AMSMI-RK

Res Gontrast DA-01-009-0RD=1083
t I
Qarterly Pregress lqort
1 July = 1 Oclteber 1064

Dear 8irp

Quarterly Pregress Report en Part I of referenced esutreet is
encleseds Other cepies of this repert are being distributed as followns

1 oepy tes Ue Se¢ Army Missile Command
Redstone Arsenal, Alabama
Attags AMSMI-RKP, Mre We Be Themss

1 oepy tes Ue 8o Arw Missile Cemmand
Redstens Arsenal, Alabama
Ating ANCPM-PB-EBA, Mr, He Npperly

1 oopy tes Ue 8¢ Army Missile Command .
Redstene Arsensl, Alabams
Attny AMCPM-PR-EAB, Mre Lo Pughe

3 ospies tes Chemioal Prejalsion Infermatiea Agenesy
Johns Hepkins University
Applied Physies Laberatery

S e Silver Springs, Msryland
2 copies te9 Netionsl Aeronautics and lpuo' Adminigtration
¢ Head, Operatiens BSectiea
Scientifie ¢ Teshuieal Iafermatien Div. (n:/n.)
Pe 0o Bex 8700

Bethesds, Maryland 30014

THE LAND-GRANT UNIVERSITY OF THE STATE OF ALABAMA -
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In sccordance with Exhibit 3, Seetien III, parsgreph 3, &
funding sumsary ef Phase I of referenced coniraet is emclesed,

Sinesexrely yeours,

Z ‘ 7 Vdh
/
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WCJgeadb

Bnolg

oot w/e enclosurey Birmingham Preeuresest Distriet, U. 8. Army
Birminghan, Alabema

Dry James R, land
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CONTRACT DA~01-009-0RD-1023

FUNDING SUMMARY REPORT - PHASE 1

Por Period Pebruary 22 - September 30, 1964

Salaries and wages
Overhead
Travel
Commmunications
Computer Time and supplies
Supplies and equipment
(1) non~expendable
(2) expendabl,

Total

$ 6,720.45
2,639.16
211,40
26.35

748,60
512,09

$10,857.10
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QUARTERLY PROGRESS REPORT f2

Birwinghsn Ordnance Contract DA-01-009-ORD-1023(2), Part 1, entitled,
“A Study of the Decomposition Mechanism of Ammonium Pervchlorate"

For the pertnd: 1 .July to 1 October 1964

This study of the decomposition of amsonium perchlorate (hereinafter
sbbraviated AP) upon the application of heat 18 employing differantisl
thermal analysis (DTA) to obiein the date needed for the evaluation of
sctivation energies, vecction orvders and mechanisms,

In quarterly veport #1 we deascribad the prcceas of DTA and developed
the mathemstical treatmen: of the measured data which would yield the
desfired quantities, Also, thare was raviewed ani aumnnriaed the current
published thoughts vegawling the changes sthich tranapire a8 AP i heated
from 25 to 450°C. Four dintinct chauges are racognized, These are an
erdgothermic crystel trensiermation (about 240°C), an endothermic
sublimntion procesrs (247-347°C7. a low temperature exotharwic decomposition
{below 350°C) and the lérge, exothernic high tempcrntury;deconpoaitton
(ebove 350°C), |

Usiag LTA, the penk tomperasture (Tm) for each of these processes is
mgasurcd as o function of the rate of heating (¥). A plot of 1n('911;2)
VE . I/Tm then should give a straight line plot whaere the slope of the plot
12 (-)E/R, F belng the activation enargy of tha change and R 1s the
universal gas conatant,

2. Curxent Efforge

(v)  Enutomory ’

uetng the period of thiz ropert work first was expanded on
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. | procuring cnd axazewnbling the DTA equipment, ' .
The T & M llodel 2404 Proportional Power Proportioning Temperature
Prograrar, purchened new from the manufecturer, on receipt was found to
. e defective and repalr to faulty wiring caused delay in placing it in
operation,
The Mosaley Model 2 X-Y recorder received from a Government
: Surplus warchouse in Caitfornia was non-operative and mich time was
consuncd in determining coi ceplacing faulty components,
Fig. €1 in a bleck disgram showing the componente of the DTA
cqui,ment daing used and toeix vr ationships, The heater and block are
shown in more deteil in ¥Fi{p8. 2(3) end (b), Theao wers constructed in
our own shors.
The vuoe of the Sargent SR recorder is to follow the heating rate
a0 that it can bz usown with certainty at each pea’s tempercture on the DTA
nlot, Such {3 necessary ar experience hes demonstratad that the setting
on the temperature programer is only sporoxisate,
Into the 2lock are inserted two glass sample holders ss pictured
in Fig. £3. Thes= hLold the AP (sample cell) and A120

3
After the sample and refcronce materiali are pleced into the respective

(reference cell),

‘ ‘ tolders end tampad into place, the thermocouple probe, containing the
Chromel-Constentan thetwoscuple, 18 then pushed through the center of the
zaterial., Thase thermoceuplas transmit signels to the y-axis of the

recorder. Anothex thermecouple in the block transmits & signal to the

x-axi{s. A correction tetm, oxperimentally determined, must be algebraically

.

rdded tn thia to obtain the tesperature in the conter of the refarence,

it wea found that the racuvdar would not functicn propuarly 1if an atterpt

- - - . - —
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was made to rocord the signal from the reference thermocoupic on the
x-axis sisultanecusly with the signal from the voltage difference being
recorded on the y-axis,

The side utm on the sample holder (Fig. #3) allows the sample,
while being heated, to L2 subjected to vacuum, normal atmospharic pressure
or {ncrensed prassura of an unreactive gas such as nitrogen;

(b) Metarial

‘ The AP used in the runs reported herein was obtained from the
C. Fredrick Smith Chemical Co, of Columbua 22, Ohio, 18 item £3 {n thelr
catalog and 18 classified as reagent grade., ¥hen used from their bottle
withcut furthew treatzent it will be listed as stock material. The
zaterisl was kept in & dasiccator over 1?4010 to insure no moisture baing
ebsorbed, In an cffort to obtain pavticles of AP of different sizes
the stock waterial was screened through two stainless stecl wire sesh
sievea. Thst retained by U.S. 40 mesh will be called coarse, that retaimd
by U,S. 60 mesh will be designated medium while all passing through the
50 mesh will be tarmed fine,

{c) !
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Sa2fore commencing DTA runs with AP we desired to know and have
confidence in the parformance of our equipment, Seamples of amsonium
nitrate, bentoic acid, scdium nitmt:e.and silver nitrate were studied and
the valuea for chenges compared to those quoted in the literature
articie of Barctod (Am. Mineralosmist, 37, 667 (52)), The following
table shows our results and it is felt thet most of the determined values

ajvee Withiu resecneble limits to those guoted {n the literature,
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Compound Cronte  Tyoanure  Afmdn ¢ &/min ¢ 20%/min
. L \
;, NH NO, Inversion 32 % 39.1 42,8 38.3
¥ N, NO Inverston 85 82.6  87.3° 85.5
‘; NH4N03' , Iaversion 125 124.3 125.4 127
” ﬁH“NO3 Fusion 170 166.8 166 169
Benzoic acid Fusicn 121.8 "123 123 125
NaNO, . Puzion 314 306 306 308
AghO, laversion 160 163 164 168 ‘
AghO, Pusion 212 208 . 208 209 -:1.

During this period we have made 52 aep&rete DTA runs on AP
samples at various heaating rates and under either atmospheric prassure ;“ ,'~'Q:
or partial vacuuam. .

v Instead of recording all the experimental curves obtained the
data will be presented in tabular form. In Fig. #4 we have recorded a
typical UTA piot. Curve (A) is for AP vg, air while being heated; (B)
represents AP vs, partial vacuum, Un curve (A) reading from left to right
four peaks may be found and will be numbered as shown, Peok #3, an
endothernic peak is noted only when stock or coarse material was heated. | ;

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

In the following tobles, firat, is fndicated which peak temperature
was being measured, the type of AP heated und'thé atnoophe?e above the AP,

The columns then show our sample no,, the weight of AP added
*o the sample tubo, tha pesk temperature in degrees Centigrade and Kelvin,
the rate of heating in deprees per minuta as d2tarmined fro; the S,R,
racorder plot, the paglt temperatura in e aquared, the ratio of the

. heating rate (1} to Tmz. tha raciprocal of the 1; and finally ths natural
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logarithm of the ratio. On a geparate plot, numbered to correspond fo
the table numier is the graphical plot of ln(‘flt;z) vs, 1/1; for o
selected fow of the tables, By estimation, the belg straight line has
baen constructed through tha plotted points and the slopes datormined,
Maltiplying these slopcs by the value of R (1,99 cal deg'ldolo.F) gives
:ne activation cnerygios summarized {n Table 18,

At this time we feel that insufficient data has been collected
to attempt to draw eny conclusion'nu Such will be a part of later
discussions.

No attempts have been made yet to determine reaction orders froam

these data.

(d) Prasent Plsns

Ffforts now continue on measuring the DTA dfagrams of AP
decomposition, whare the three particle sizes ara run under a nitrogen
atmosphere to minimize the sublimation process, Our next step will be
to make cossurements with vorious catalysis asdded to the &Y to deterﬁine
vhat possible effoct such catalytic agentis may have on activation energy

uagnitudes.

fect Supervigor

38 October 19564
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TALBLE AVII1

Sample Atmospheroe Peak Siops Activation
No. energy in

cal./uole
Stock AP air 1 =37.0 73.6
Stock AP air 2 - 9.7 18,2
Stock AP air 3 ~15.,0 29.8
Stock &F air 4 25,8 5103
Coarsa AP air i ~11.9 23.7
Coarse AP eir 2 -40,0 7906
Corarse AP air 3 b s
Codrsc AP air i -7000. 139.3
Pedium AP air 1 ~54.3 108,0
Medium AP air 2 ~15.66 31.6
Medium AP asx L «8406 168.4
Fins AP air 1 45,0 £9.6
Fine AP &ir 2 -3*‘- -t
Fine AP ain 4 -18,3 | 36.4
Stock AP Tacuva 1 -6(?.0 11904
Stock AP vacuum 2 - 7.7 35.3
Stock AP vacuum 3 ~20.0 39.8

-%., insufficisat data fron which *o make the celculation.
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