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Juarterly Progress.lj_gm No. 3

Birmingham Ordnence Contract DA-01-009-ORD-1023(Z), Part I,
entitled "A Study of the Decomposition Mechanism of Ammonium
Perchlorate”™. '

For the period: 1 Ooct. 1964 -~ 1 Jan; 1965.

1,\/Dur1ng the period of this report ome-efforts continued with
‘the making of differential thermal anmalysis (DPA) runs at
various heating rates on ammonium perchlorate (AP) semples,
whére the samples were of various particle size, ghepe and
either pure or contained selected additives.,

A total of onc—humod—aﬁ&*&ght-nm Plots were made either
on new specimens or for rechecking values recorded in Quarterly
Report No. 2. Certain of these DTA runs were made with the
sample upder pressuré of nitrogen gas to minimize the sublimation
tenq,eﬁ;y of the AP. |
2. (The experimental techniques and_equipment:";.used were the same
as desoribed in elﬁu- previous report, except t.hat w‘—began—mmg
very fine gi“ase beads Wi th the AP material. 3y using a smaller
AP sample, the heat changes of the sample reaction do not
influence the results as markedly and hence allow the temperature
measuring devices to more accurately indicate the true
temperature being experienced by the sample. N

Glass beads were selected for the tli].utd.né~ of the material
since they are non-conductors for electrons and éhould show Lo
catalytic influence on the AP decomposition., In all cases we
mixed the AP and glass beads in a 1:3 weight rati'o.

The glass beads were Sign Beads, type 831A, Size B, wide
angle and manufactured by Flex-0O-Lite Manufacturing Company

of St. Louis, Missouri.
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Befor3s boing usoed the glas: beads were weshed with 3 normel
hydrochlozic acid solution; rinsed with distilled waler and oven
dried at 105 degrees C.

A DTA run on the glass beads slone vs. the alundum roference
indicated that they underwent no changss over the 25 to 450 degrces
C. temperature range that couvld product exo- cr endc~thermic peaks
on the DTA plot,

3. Some of the results reporied in Quarterly Repcrt No. 2 were
bagsed upcn too few dotorminations. In oirder to incroase the
reliability of the calculations, the following runs werc made,
consequently, the following data should be added to:

(A). Table IX of terly Roport No, 2

Sample No.  Samplo Wt.  Peak T(°C)  Rate ln(Rate/'!i)

24291 0.1975 2,8.9 211 =11.769

2“29-2 om 25501 h.16 “11— om

2-30-2 02034 255,8 10.30 «10. 213

2"31‘3 [ m 25’5 oo 10 ° 13 -'10 [} 219

2"32"1 ol 258 07 9 . 87 "10 e 263

2-33-1 ol 2h.2 211 -1.760
(B). Table X of Quarterly Roport No. 2

Semple No.  Smaple W.  Peak T(°C)  Rate 1n(Rate /T2)

2-31-2 02006 311.0 9.63  -10.475
2-32-1 1989 318.7 9.36 -10,5%




(c). e rte t No
Sample No. Sample Wt. Peak T{°C) Rate m(Rate/‘rg)
2-20-1 0.1975 439.3 2.13 -12,380
2-29-2 <2011 459.9 5. 83 ~11,851
2.30-2 +2034 462 .2 8.64 -11l.044
231-3 +«2006 453.5 10.00 «10.874
2-38-1 L0989 458.0 8.15 11,091
2-33-1 .19688 443 .0 2.25 ~12.336

(D). Table XII of Juarterly Repor:s No, 2

Semple No.  Samplc Wt.  Peak T(9%C) Ret. 1n(Rate/T3)
2.30-1 0.2017 242 .4 2.13 ' -11,737
2-31-1 .2005 248.9 4.47 11,021
2312 ~2014 267 .7 9.87 =10,300

(E). Table XIII of Quarterly Repori No. 2
Sample No. Sample VWit.  Feak T(°C) Rate 1n(Rate/TH)

2-71-2 0.2014  327.1 8.99  ~10.601

4. Erratum.

In Table XIII of Juarterly Report No. 2 the peak temperature
for sample 2-25-2 should read 3504.5 vice 343.0. The remaining
terms in this horizontal line should be changed to %K = 877.7;
78 x 10°5 = 3.24; Rate/T§ x 105 = 1.260; 1/Ty x 103 = 1,732;
In(Rate/T) = -11.270.
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5. In Table XVIII of Juarterly Report No. 2 for sample -
Tine AP, peak No. 2, tho slope har been computed to de
-15.84'1 103 and the activation energy thorefore is
20.48 koal./mole.
6. In order to minimize the tendency of the AP sample to

aubl;me from the hot to the ccoler portion of the sanple
tudbe, DTA detqrminations were conducted under a nitrogen
atmosphere whe-e the pressure was maintelined at 60 rmm. of
Hg 1n exceas of atmospheric preséure.

The DTA plots showed three peaks, Peak 1 is the
endotherm associated with the change in cr&stal structure,

Peak 2 and 4 (we use 4 instead of 3 tor designeting this

.peak g0 as to indicate that is is the same peak s0 awibered

on the DTA plots rum against air preasure and shown in

- Pig. 4 of uarterly Report No. 2) are the low and high

temperature exotherms.
In the following tables are recorded the results

of these runs and the last table summarizez the slope-cf'

the curves plotted from these data as well as the calculated

activation energies,

!gﬁle 8-1
Material - Tine AP; Peak No, 1

’

Sample No. Sample Wt. Peak T(°C) Rate hIRate/‘l‘i)

- - e - O PR D wp WS SW O W Py R R R ] - - - e G D D

2-40-2 0.2010 £47.8 4.47 ~11.014
2-41-1 L2018 246.6 - 2.34 -11.6857
2-41-2 -2034 269,7 10.10 -10.274
281-1 .1989 244 .2 2.10 ~11.7586
2-68-1 ,2008 257.8 9.20 ~10.328
2-62-2 L2003 260.5 4,20 -)1.087

L. * ..
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Table 6-2

Paterial - Pine AP; Pesak No. 2

Sample No. Sample “t.; Peak T(OG) Rate ln(Ratﬂ/Tg}
2-40-2 0.2010 298.7 4 45 :
2-41-2 0.2034 330.9 g-pﬁ w1200
g-g%-g 0,1389 510.1 2'60 "%ﬁ-gzi
- - .2 [} 3 ‘:_.r.lryn - ay
0.2006 ©18.8 9.80  -12.009
Table 6-3
¥Material - Tine AP; Psak Fo., ¢
_ sample No. Samplo ¥t. Peak T¢°C) Rate in{Rats/e3)
2-40-2 0.2010 445.0 4.37 © -1L.67%
2-41-1 0,2019 430,2 3.18 . <18.55)
2-41-2 0.2034 479.0 g.40 ' =11.117
2:61-1 0.1989 420.6 2.3 ~1%,843
2-62~1 0.2008 459.8 11.00  ~1C.793
2-82-2 0.2003 443.8 4,36 11,733
Table -4

©  Mapterial - Medium AP; Peak No. 1

Sample No.  Sample Wt. Peak T(°C) Rete 1n(Rate/Tg)

P ED G W s A0 OB WD AD 4B 0 G ED AP AP WS P D WD T o AS WS S WD T W TS GD R YD <O FB BB U WD AS B LD FB W IR A SR S S NS WP WP W E IB R WL

2-42.1
2-42-2
2-42-3
2-60-3
2-6i-2
2-63-1

0.2002
0.2004
0.201%5
0.2024
0.2047
0.200%

241.4 2.22
245.8 4.81
258.7 11.70
25%3.3 4.00
252.10 2.20
250,85 10.00

-11,.€8E
"'l]- -06'1\
-10.094
-11.14¢€

11.74¢
«10,200




ab w3
Yaterds . Daddwe ML, ank Vo

Sample No. Sample ¥t. Peek (%) Rats 1n(§2m’ba/’1‘g)

2-42-2 0.2004 293.0 4,12 -1i.264
2-42.3 0.2015 518.0 e.72  -10.6%9
2-80-2 0.2024 310.1 4,10 ~11.230
2-61~2 0.2047 315.2 2.00 .12.681
2.83-1 0.2005 213.9 9,40 -10.506

Table 8«6
Material - kMedivm AP; Pesk No. 4

Sample No. Sample #o. Peek T{%c) Rute lﬂ%ﬁatofrg)

2udla]l 0.2002 L3t % 2.1E -1n LHERs

2~42..2 0.2004 441.3 5. 00 «1l.769

£-42-3 0.2015 456.8 10.48 ~33.0300

2-80-3 0.2024 458.6 4.10 .31, 0

5-e1-2 0.2047 439.5 2.3¢ 1331350

2-82-1 0.2005 448.8 8.70 ~10.,395
Table 8-7

Material -~ Coarse AP; Peak No. 1
Sample No. Sample ¥Wt. Peak (°C) Iate ln(Rata/Ti)

2-44-1 .  0,2023 248.9 2.20  .11.727
2-45-1 0.2003 263.4 3.95 .11.220
£-45-2 0.2007 254.3 10.50 -10.135
2593 0.2006 250.1 4.3%0 -11.030
2-60-1 0.203) 248,2 2,80 -11.725




able 6-8
Material - Coarse AP; Peak No.2
Sample No. Sample Wt. Peak T(°C) Rate m(Rate/Tg)

2-45-2 0.2007 517.2 9.00 ~10.584
2-45-1 0.2003 5293 4,04 ~11.408
2.50-3 0.2006 296.3 4.10 ~11.270
8.60-1 0.2031 303.8 2.10 -11.950
2.80-2 6.2013 514..8 £.90 -10.300
Table 69

Material - Coarse AP; FPcak lio. &

Semple Ho.  Samplo Wt. Peak ?(°c) Rato 1n(Rate/TH)
2-45-2 0.2007 451.2 9.13 -10,980
2-45-1 0.2003 472.7 4.07 -11.8i,
2.50.2 0.2006 458,0 410 -11.778
2-60-1 0.2031 435 .5 1.90 =)} .486
2.60-2 0.2013 147.5 9.20  .1(.¢41

— i il o
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Pable 6-10
Summary of flne, medlum and ccaress LF DUA v, nitncgon
pressure and the computed activaticn enewiing,

S T s s A D WD P L T e A Pe s B e D VP DD SGD e BB S U BN e ] DG RN GTE S PN L A LD W oF PPE e e pme = e e e e e e B e e om e et

Sample Peak o, Slope Aoh. Baoegy

OB D W W L7 A B D R B 2 Y G WD o 48 WD

Fine AP 1
Pine AP 2 -15.8 ZbAT
Fine AP 2 | - 9. e
Yedium AP 2 ~E7.5 DRt
Mediun AP o Lo 15

Fedium AP ol LA 0

Coarse AF o -i8.0 g 2
Coarse AF 4 SERLD FORIC
I P A ¢ S A - - PR iara e wml - e e e e - ——

7. The minimum slze of sample holdeoy that v nure “nonr atle

to constr.ct end employ (pictured as ¥ig. 3 of Jusiismly
Report No. 2} rojuired approximetely 200 mg of sowm:ie of
AP to adetusiely cover the thermocouple 3o that iv ould
give sensidle voltege wvaluce of xLF within tie lixiss of
amplificaiion of our ejuipment.

It wis felt that the hgat liberated by such a large
sample in the very sho=t time of rcacilon was 27 eoch

-

magnitude that it toended to moke tho cawple sublest to o

L,

temperature value not repressntod by or reeerc:id a° vlock

temperatu:e,



To overcome this difficulty iv was daolded to use a
smaller AP sample dbut to provide the nacessary volume of
sample to cover the thermocouplo adejvetely Ly edding an
inert diluting materiel to the AP, numely verv fine zlauas
beads.

Unless otherwise noted the sample wag made up Uy
mixing 300 mg of gless beuds with 100 mg ol AP.

In order thet the ellfecot of the glasa bezds on the
ealoulated results of ectlvation cnergy misght be noted,
we made deterninetions on the mzdium size AP previcuely

reported on in (uarterly Report lln., © and on the lie 4

Huntsgvilie Semple, both vevsus alr and a nifrogen aumcsphers
at 80 mm of Hg ir excees of sir pircosure, ané these results
are reported in the following tahles. (Hotsc - tho
meesurencnts on the Huntsville o, & withond sloss sends
are recorded in parezraph G of this roport.)

Table 7-1

Materind Vediva AP. Perii No L ve. Alr

Sample lio. Sample Vo,  Pexir Y{¥C) Lete 1Inf ”‘tr/T <)

2-71.1 3/1 8414 .84 ~11.6801
2-.71-2 3/1 BB, 4,47 «11.0041
2722 3/1 250,7 10.51  <10.171

Matericl - Hedium AP; Poak No. 2; vs. alr

Sample ko, Semple Wi. Peax (°0) Rate 1a{r tef g)
8-72-2 . 3/{ 350.5 .08 L0 AGTO
2.7%.1 0.1995 321.6 5.68 ~il L339

AT - amer A BB hbIA T S NP . . Wt e S
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Table 7-2

_Material - Medium AP; Peak No., 4; va. Alr
Sample No. Sample Wt. Peak (9C) Rase m(Rate/Tg)

.e-711 31 409 .4 2.00 12,3583
2.71-2 3/1 440.0 4.25 11,8524
8.78-2 2/1 462.3 20,00  -10.5024
2-73-1 0.1995 465.8 2.00 12,4900

Table 7-4
Material - Hy; Peak No., 1; vs, Alr
Sample No. Sample Wt, Peak (9C) Rats 13(3ate/?§)

2-64-1 3/1 256 .8 2.3% -11.5954

2-64-2 2/1 25¢.8 4,28 -11.0992

2-§7-1 a3/1 251.7 10.40 .10.1844
Table 7-5

Material - Hy; Peak No. 2; v3. Alr
Sample No. Sample 'it. Peak 2{°c) Rate ln(Rete/Tgi

2-84-1 8/1 269.1 2.05 -11.90314
2-84-2 3/1 330.0 4.18 -11.3742
2-67-1 3/1 %23.3 8.87 -10.5904
Table 7-6
Vaterial - Hy; Peak No. 4; vs. Alr
Sample No. Sample Wt. Peak (°C) Rate ln(Rato/T3)
2-64-1 3/1 433.6 2.18  -12.4851
. 2~64~2 3/1 467.5 4,32 <11.7518
2-87-1 2/1 479,9 8.47 -11.0873

P TN oy
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Table 7-7 '

¥aterlsl - Hy; Peak No, 1; ve. Nitrogen

Sample No. Sample Wt. Peak T(9¢) Rate Iin{Rate/I3)

2.65-1 8/1° 240.2 .81 ~11.3509
2-66-1 3/1 241.90 4.29 -11.738%
2-87-2 3/1 255.6 11,94 15,0813

Table 7-8
Material - Hy; Peak No. 2; vs. MHitrogen

. ’ ] .
Sample No. Sample W%. Peak 7(%} Rate In{Rato/%))

2-65-<1 2/1 282,95 1.2% -21.9777

2-66<1 3/1 2302.3 5,07 <1M.ESED

2-087-2 3/1 34,9 93 =34.3203
’ Table 7-C

Material - Ka; *eck flio., 4; vs. Nitrozen

Sample No. Sample ".%. Peak T(%C) Rate 1n(Ratc/T§)

2-66-1 3/1 422.9 4,50 -11.7048

2-67-2 3/1 495 .3 21,00 10,308

' ® "o l,l . P 3] « . .| ¥ e . .ol .o s i .
e avar dona ¥ v "
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Zeble 7-10

Summary of activation energies calculated for two

samples to note cffeat of using glans beads.

D D D M W T D D A P A TS G VD B BD VD GD W G W TP O VR TS I A Wis B T A vee B b —m e SR Ce e e e W N
.

Sample Atmogphere Peak Ho. Rlogpe Aok, Briugy

-

' x 1073 (keald,/acle)

BB N A D WS B WS D G B G G B D S P B G T s S an B D P v G PO DD A W T S e I e TP M s ne B e e e e G e W G OB e

Medium AP Air 2 -£5.8 £5.0
Medium AP Alr o -15.45 0.7
Medium AP Alr 4 «)5, 00 805
He Afr 1 ~94,0 182.0
:0) Air ) - 2.0 17.9
' e Adr A 8.6 22,9
H4 N2 1 ~25.5 51.3
H4 N2 2 ~11.0 21.9
Hé N2 4 . 9.5 18.9

8., 1In order to determine the influencs of such thinus ce
particle size, shape of particle and added conditvicncrs
upon the activation energies associzted with the decomposltion
of kP, we were furnished the following samples by Mr. Huskins
Sr the AMC Propulsion Levoratory, Redstone Arsenal, Runtsville,
Alevama, _

These samples will be designated K-l throuzh E-8 and
tﬁeir specifications are as follows:

H-l: 400 mioron, rounded AP, 99.2% minimum AP, ocnditlsned

with tricaloium phosphate (TCl), lot no. 4080.
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H-2: 48 miscron, rounded AP, 99.2% minimun AP, conditioned
with TCP, lot no. 103C-194-1.
H-3:"

17 micron, ground AP, concéitioned with TCP, 1ot no.
2153, |
H-4: 180 micron, unground AP, conditioned with TCP, lot nce
2153.
H-5: 8 micron, cround AP, conditioned with‘TCE.

B-6: 90 micron, rounded AP, conditioned with 7CP, ©¢.2%

) ;

minimum AP, lot no. 1075-33-11.

In the following tables are the péak temperatures
measured Tor thess samples at different heating rates.
All of these samples were run versug air presaurs, end
without glass beade as a 3ilutent. A teble summariding
the cglculated activation energies of these samples
concludes this paragraph.

Table 8-1
Material - AP H-1; Pesk No. 1

Sample No. Sample Vit. Peak (°C) Rate ln(Raﬁe/Tg)
2-45-2 0.2004 248.6 4,48  -11.015
2-46-1 0.1997 254.9 10.39  -10.1973
2-84-1 0.2033 2e 2 -11.720
2.72-1 0.1948 o128 2 n

—reo= . 243.4 2,37 -11.820




14
Table 8-2

Naterial « AP, H-l; Yeck Ho, 2
Sarnple Fo.  Semple Wt.  Peoak T(%C) =mots  iallaie/T9)

T A A W G > T D D Ny D A G R G R A e T D W G D G P A G P WD TS G IR G e M e Bt S e e B W Sw e B e e A S S me e e e

.

2-45-3. 0.2004 290.7 SEE

I RE S YT Tt
2.46-1 0.1997 205,0 L9ada 0 SinL ool
. 2-54-1 0,2033 £84.9 O TP G T G0
 Bu72.], 0.194% 276,28 1.5 1Y 9400

T s = o, ot

Iadle 8-3
Meterdsl - AP, H-1; Poal Ho. 4
Coe i o . . Iy
Semnle- No. Sample Wi. Fook 9( C) note inllase/nd)

R R A3 AP Nt GRS D ER T ™ s D T OB R G ) W an e B e R B T VR e e e e O e A RS

Z=-54-1 0.203% G&o4. 8 5010 12,385
=455 £.2004 445 .0 AL 1644
24821 0.1997 445,98 10,39 - 30,3826

e 7 ST 3 &

Table 8-4&

Material ~ AP, H-2; Poak ¥ 1

' Sample 0. sample Vii. Fesk ™{°0) Rate

-G A YD P e WGP TR T T WD WA D e T D D et OB A VIR D D PR LN S EPED TR ey TP A WD MR Y SN e XS W e e
.8 i

2-48-2 0.2013 241, ) .10.2912
. 2=4E.2 0.2002 2590, o % .89 10,8083
 2+58-3 0.2®9 245.0 2.2  ~11.7180

_Pahle 8-
' Vaterial - AP, H-2; Pzak No. 2

Sample No. Sample Wt. Peek T(°C) Rate laluet:/7

.‘----_----“‘—---“--‘"--&P’)‘--.“»----‘-ﬂ-' Y PN e W TSN e e e wm SR R
. e ! PRI
2-46-2 oouOlS uu?.u Tl CALLRELY
b} "~ « o
2-43-2 0.2008 0l6.9 aons 1AL A
2-56-3 9.20z9 259,05 - 1

VoS . s A
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Table 8-8

Material - AP, I-&; Peok Ko, o
Sample No.  Sample Wt.  Peak T(®C) Rate In(Rats/if)

P P S R G T S G G WP VS 0 D A PN e DD S B W A WS Seb s P wr MR P T P ITE e e g A B T D W MAD B e G P e e b S e O

2-43-2 00,2013 G227 .4 Z.87 ~11.78395
2-48-2 0.2002 4493.6 32,77 10,0938
2-56-3 0.2029 429.4 2.10  _12.7%673
Table 8-7
Material - AP, H-3; FPeak No. 1
) Y . - ‘o & 2
Sample No. Sample Wto. Peak T(°C; feve Iniiate/Th)
2-50-1 0.2002 248.6 A5 11,0880
2-50-2 0.2028 247 .7 2.8 11,9284
2-50-3 0.2002 2835.7 10,4 -~10 2963
Table 8-8
Material - AP, H-3, Peak o, &
Sample Mo.  Sample Wt.  Pesk T(°C) Rate Inistc/id)
2-50-1 0.2002 262.5 L0 -1 2300
2-50-£ 0.2028 £O1.5 5.1 <11.931%
2-50-53 0.2002 8E5.7 £.3  ~17.8705
Table C-~9
Material - AP, H-3; Peak Ho, ¢
Sample No.  Sample %t.  Peak T{°C)  Rato In(lanafT)

RGP Y GT T D O G G TR G D WY A SR L 6P T W W WY VIR G T4 R R A O AR G G5 GR W P T LY G M ee e e B e me A S e re . T we @ e

2-50-1 0.2002

- 426.9 4@ -11.5460
£2-50-2 0.2028 ‘ . 2 o

. 224 4 S0 -13.4019
2-50-3 0.2002 445.0 15 8y 15,7630

u-




¢
able 8-10 | | '
Material - AP, H=%; Pzak Mo, ]
¢ 3
Sample No. Sample YWt Peak T(Yc) Rete In(Rate/7y)

S 0 D YR RGP AR G EP U SO G VL T TGl G OB @ W R TN M G U YD G e PO W B8 e UR LD G Ol R A man o ) s e W o e SO b P TR Y e

2-49-2 0.8085 247.8 4.5 ~13.06%2
2-53-1 0.2010 244¢,2 2.5 ~11.568k3
2-56-1 0.2002 264 .6 5.9 -10.7eam

Table 8-121
Material -~ AP, H-4; Peak No.2
Sample io. Sample wt. Pesk T(%C) Rote .w(hutcf?g)

P WD D e PV P P B A OE SR B B D A WE O R G G G WD e S ST Sl YD T W B Ne S G e S Y e W M e e WY U e W e N e W W G ok e e b

2-49.2 0.2055 94,9 4.1 11,8726
2+33-1 0.2010 288.8 2.l 2118488
2-56~1 0.2003 819.5 RSP RIS TS R X

mable 8-123

¥ateriol « AP , BE-4; Peak Ho. &
o
Sample No. Semnle We. Pealr T{ 0) FRate :rlnﬂtn/T°)

Vi D D I AT w W W B e B D TR Gt N GE M CD e @ AN G W WD Gl WS SR N an W b DT e e WLt G G oS GRS B wn e v e MR An B A S e e B D T
R.49.2 G.2055 246,53 40050 -11,80818
2-53-1 0.2010 Q?Q.S 2,10 -i32,u554
2-56-1 0.2003 71,9 3.0 iDL TETY

B R e

Tabie 8-13

Material - AP, H-5; Peak iio, 1
: -
Sample No. Sample Wt. Penle (OC) Rate iniRate/fln)
!

O D O G I P s D A GV U G WD GS TP D S YR G G O D (R dn e S G VD TN WL 4B S W BE v e B L S T TR R A ma me et W W WL TR W . el

f”“i ) r - l -QSU-J
£-54-2 0.2003 Betes AU TITnes
2-58-1 0.2000 it 20 e
2-58-2 0:2003 50,7 .7 3,280




Table 8-14

Maverial - AP, Hol; Jzoh e, &
Sample No. Sample Ve, Poak (%)  pote 2

D A O s wep e 0 G TR PO BT MY AP WD G AD T e ma e B K A8 SR R e W ce A C e il P e G S mn fw ed e bbb

2~54-2 0.2003 £337.5 4.1 ~3 L 6732
2-58-1 0.2000 402.6 2.2 ~15,Facs
2-58-2 0.2003 2551 10.u ~12.8540
Table 8«15
Material - AP, H«§; Pcal Fo. A
. v O s e 5T
Sample o, Sample 1. Fooy@7C)  Duse nilats/H2

2-56-2 0.2000 Si3% 0 ! 12.0L07
2-56-3 0.201Z2 255.0 SRR X S
2-58-1 0.20G% 557 REFRNZSH

A N LIt S AT AT IE R NIRRT 4 0D M W S b B v LT AT PR, A o e PR R AT TN e TR TEAML 7% YL kA A, TR

Table €-1i6

3 k [ %3 - % 3
agteriel -~ AP, H-3; fonl Mo, O
T o 32 Gy PR S Vi e e D

Sample Ko, Sample Vv, BEONANAE BVl HRy A?lbﬁ‘ﬂ/Aq}
e v o 7 ot e e o o £ e e e 24 0= o e o S 1 i m 72 2 20 e e o

2.56-2 0.20C0 0.6 e A A

2-58-3 0.2022 20000 A RARUBRUR S
2-59-1 0.20C4% S, 3 e ~LhUaYs
e, T 2k e 1 5 e s

Table &-17

Material - AP, H-6; Yfouak Fo. -

Sample Ko, Samplo W%, Peck 9{%) Ppate lnﬁnatc/fﬁh
(e

D B P e s S S T B D o WD s R G A G S B G GE M WS AR Sa WS GO e TP WD e Sl D W AR Gy G G A S S Gy B e S e e L mo Se AL v e MR o e

A}

2-56-2 0.2000 433,85 - 4 .2 w1 TB00
2-88-3 0.2012 A3 4 o 4 ~4,5700
2-59-1 0.200% 2005 .4 s T 0EAT

" h} . D Tl ®
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Table 8-18

Summary of activatlion ernersies calculated for gamplen

supplied by Propulsien Latoratory.

e e @ e D G AP % G PP ED W A P T U G D B Ge EP S T BE G @R A P e S SN WD R B S e G G B K W BB A - - — e
Sample Peak No. Slope AL, Enorgy
ﬂ"' » -
z 10~ (izzai./mo0le)

Hl 1 22,7 9.9

Hl 2 «18.5 22,0

H2 1 -20.2 2
n2 2 ~ 9.3 -

G g 4

¢ £
Valw e v

.
[
s
*

<
o
[
oy

~2
A

L)
s
~3
o
[3]

ft

t
~3
N
[Gd
i3}

]
b
20
L}
¥,
>
L
€3

L)
s
[&)]
s
g
O
O

&

]
<1
(4]

..
o
)
‘ T4
<
L -

o 1
-
O Y ™ T N S S R S N T - T T
1
[Av]
[
N
©
e
0

n

¥
90
L]
[
(=]
[ ] CQ
[

HE

-

-~30.0




19
9. For the purpose of determining the Influcrce of catalytic
agents on the asotivation energles of the AP decemposition,
DTA runs were made wherein a given amount of an added
compound wag mixed with the AP,

Two materiels, finely powdered asluminum oxide and iren
(I11) oxide, have been studied for thoir catalytic effect
on the AP decompositlion reactions.

In all ecacses 0.10 g of AP wos mized wibh tho class boads
in & 5:1 woelsht ratio and shon 5% by welght of ths AP
equalled the Velght gf the added cabtnlyile ocgent. all of
these were phvsically gtirrel togother for o length of tiume
deerat cm oot v T AT e apeahion of satalyst
through ouil the mixturae.

~The following tables give the measured valuecs Ior tho.
DTA runs and the Tinal table ourmarizes thoe ceompuied

activation energziez of the reacticneg,

Table 9-1
Material - Fine AP, with FegOr; Peak Ho. 1; vs Alr at
atmospheric pressure

Sample No. Peak T(°C) Rate 1n(Rate/T2)

u--—----sa---n----o---u-..—-u-—---—----—--——-n-—---—--....-u«.-"

2-85-1 247.0 2.1 -11,7684
2-85-2 248,.9 14.9 - §.0210

2-84-2 251.5 4,2 ~11,.0375




Table 9-2

Mﬂteriﬁl hdd Fine AP’ W 11 1‘1‘-..-0,.., F B

140

atmospheric pressure.

. Peak (93}

Sample No.

T T Y e e e ek L T X W T )

She . g
306.8
339,13

2-8%5-1
2-85-2

2-84-2

G v e o vo

[ 5o

> ey

air nt

i LY R )
, LS
" ay Whe R T L (N AR
Rate Indlone /i)
T A
e e et
3. ~35AEDS
7.9 LAT MBS
4,0 -1 34ART.

Table S«3

Material - Fine AP, with ¥Fogl,
v/

6C mm. 21cess precsure,
Sample No. Toak P(CE)

P R e e L T TREEN

)
2
<t

ln'“:”e/”“)

] - B

2-8h-1 #530.,0 R ~10, -; 135

2-91~-1 £83.2 &5 -3 UOBD

2-91.2 £43.9 4,2 1T ,3 o0
Table 9-¢

Mater: el - ¥Fine \P, with Fegos; Poak 112, 4; vo, N at

€0 mm. excess prassure

b

Semple No. Feak (0C)

B T A G WD e LI G G B 0 h s il B OO WP OF Tt WD A M W W e s S e ae o v Bew e

2-86-1
2-91"1

2-91-2

597.4
357.8

280.0

Rat

[ I SV R v
O 0O

e

In(Rete/T2)

ey o -

-10
~12
AR

1508
L7090
L3509
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Tadble 9-8
Materiel - Madium AP, with FepOu; Feak Mo, 1; vo. Alr
Sample No. Peak 7() Rate wn{Rate/r2 )
2-79-1 250.1 13.7  ~ 9.9042
2.82.3 852.9 4.5 ~11.083
2.92-2 250,9 2.8  =11.7167
2811 250.1 2.2 =11.7187

Table ¢-8

Material - Medium AP, with Fey0a; Peak No. 4; vs. Alr

Semple Hc. Peak (CG) Rato  la(Rave/T2)

2-79.1 401,9 0.13  -10.2121

2-82-3 400.0 4.15  -11.5037

2+82-2 572.9 2.13 12,1357
Teble 9-7

MYaterinl . Medium AP, with FopOus; Peak Ho. 1; vz. Hy at

60 mm. cxcess pressure.

Sample Fo. Foak T(°C) Rate 1n(l§:ato/'1‘g)
2-83-2 251.7 4,31 «11.0858

2-83~1 251.3 2.11 -11.7780
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Table 9-8
Materiel - Medium AP, with Fen0 _; Peak Mo, 4; vs. Kp at
o

60 mnm, excess pressure.

gample No. Peak (°¢) Rate 1n(Rate/T2)
2.81-1 . 419.1 8.58 ~10.9540
£-8%5-2 395.1 4.33 ~11.5911
2831 7% .6 2.13 12,1876

Table 9~9

Material - Fine AP, with AlgUa; Paak Mo, 1; ve. Alr

Sample No. Peak T(°¢) Rate 1n(1aam/rf;)
2.79.82 249,7 4 .51 =11 .050¢
2-80-2 252.1 13,80 ~ 9.9032

5 2,47 ~11.6%50

2.-81-2 263,

Tedle 9-10

Material - fine AP, with ALpQ,, Peax No. &,

Sample No. Peak (%) Rase iniRata/22)
2.79-2 596,53 2.00 ~11.8258
2-80-2 418,0 &.00 ~10.5873

2-81-2 377.8 2.25 -12.1160

Table 9-11 |
Material - Fine AP, with Alz°3i Poak Yo. 1; vs. Na et

60 mm. cxcess pressure.

A

Sample No. Peak T(°C) Rate  In(Rats/r2)
2-78-3 251,53 11.45 ~10.0888 -
2-80-1 25%.6 237 .11.8708

R o s e
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Table 9-12

Material - F;ne AP, with Alg{)a; Paalk Mo, 4 va. 242 at

60 mm, excess pressure.

‘Sample No. Poak (0C) Rate  1ln(Rate/T3)
2-78-2 368.7 4,13 11,5718
2-78-3 £419.3 9.75 -1¢,3028
2-80-1 375.9 2.00 ~12.254

RIS ]

Table $-18

Material - Modium AP, with Alz0g4; Pgak Eo. Xy va, Alr
Sample No. Peak '*{%%:) Fate . 1r{Rate/Td)
2-76"1 2‘1‘7 * 8 "}3 L] :‘!’b’" "'3.‘1 .:.:_ir:)_,:‘
2-78-2 281.7 12,70 - 0.,0343
2-77-2 248.5 1,97 ~11.885

able 9-14
Material - Medium AP, with Alg)g; Peak No. 4; vs. Air

Sample No. Peak (%) Rate 1n(Rate/'1‘g)
2.%3.1 404.9 3.88 11,5026
2.76-2 432,68 10.2 -10.7814
2.77-2 86,1 2,85 12,1713




Table 9-15
Material - Medium AP, with Alaoz; PaaXk No., 1; vs. Nz at

60 mm. excess pressure,

Sample Yo. Peak T(OC) Rate ln(Rate/T&)
N T 252,1 4,8, -11,050%

Table 9-18

Materlal - Medium AP, with Aléos; Prax ¥e, %; vas. N, at

is

60 mm. cxcess prsssure.

Sample Ho. Yeek (9C) Rate ln(Ra@a/f%)
2.76-9 527.0 4.00 -11.0282
2-77-1 435.9 e.0o -25..0484
2-78-1 371.4 2.3 12,1330

*
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Tadble 9-17 .
Summary of activation energies caloulated fcr AP with
added ocatalysts.
Sample Atmosphere Feak Slope Ac%. Boergy
| x 10’“3.‘ (keal. /mola)

R RIS M v S U R ED G Ap U W SO e BB S WD s G G U T = e T G N Tn G O e e Ll T A T T

Fine AP/Feg0 Air 1 -50.0 178.3
" Air & -11.2 22.75

LI Ny 1 -~ 280 517.2

o K, 4 -15.1 80.0
Medium A/ Air 1 - 7.7 15.3

Pex03

" Air 4 ~1%.8 27.3

. " Ng 1 - 421 836.2
" Ny 4 -12.2 2.0

Pine AP/i1g0g Air 1 -134.5 267.0
" A.r s -128.9 25,7

" Ny 1 - 98 182.2

J Ko 4 -14.8 29.5
m:ﬁ:s AP/ Alr 1 -12.5 24.8
" Air 4 -13.6 26.9

" Ng 1 -83.9 186.7

" Ng 4 ~ 9.0 17.9

a’b
.

X
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10, It must be emphasized that the data qucted in these
Quarterly Reports represent gll uns made and is not to
be consldered the final answer in each case. BSuch éata
will be subjeot to further rechecking and considaration.
In some osses it may be necessery, in lizht of now

measurements, to alter, discard or mediry some of theso

rcco;dcd values.

E. Langd,
upervisor
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