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AD8•QT

7he calorimetric determination of the heat of combustion of a
tertiary pyrotechnic msition - the tbemite mixture - wee 5tudied,
Resalts were obtained under three sets of conditions: combustion of
the thersite mixture in limited airj, in argm gas, mad in oxygen gas
at a pressure of 20 atmospheres. Procedures and remalts are compared
each with the others, and, vhen possible, with theoretically predicted
values.



RDTO No. 13
23 arch

TABLE OF CONTET

ABSTRACT S.............. ......... 1

TABLE OF CONT oS..o..oo............ .... ......... ii

INTW1'UCTION *oeo.eooeoeeegee~eeeee0eee000eeeeeeee I.

EXPERIMNTAL PROCEDURE AND RES U *.*.. .. go... .... 2

I9 Combustion of Thermite Composition in
Air and in Argon Gas ..... .... ...... . P

• ~~~~1. sampling 0.0................ ..
2. Preparation of the Sample ............. 2
3. Ipition Aid or Starter ...............
4. Calorimetry Procedure and Reference ...
5. Resatlts ...................... &0oo0 ... 4..
6. Summary o...................0.......... 5

II. Combustion of Theraite Composition in
!v~ a" 0 0o.............. .... • 00*00000069

1e Calorimstry Procedure ................. u
2. Sample Colculations ................... 6

a* 7hermite in 03rgen *................
b. Pblymerited laminae 4116 Polyester

Resin In 027n *0.*..*........... 7
3. Theoretical Calculation ...............

a. Barium Peroxdde-maneslum System .. 7
b. ,agnesilm-Irnm Systaim .. o,....... 8
ce. aImini--Oygen Syrtet .... .........

CONCLUSIONS AM R1 1 OU ..................

S33I geeeegeee~egeegeggegegeeeeeegggeeegeqgeg... 1 0

TAUSZ II ...... e........................... . 10!AIZIII o.e.oeogogeooeoe..geog.oo.ege.,oo.eoe... 11
TAM IV ... *..f.o.o..gee...o.e.*s.... .....o. II

A111 A 1ee2oeeeeeeeeeeeeeeeeeeegeeggeee 12
A MInX I3 13o........e..oeeeeeee..e.......... 13



Im No. 13

23 )hrch 196o

TV P I)UCION

An analytical procedure was needed for establishing specification
limits for a thermite mixture cahposed of magnesium. barium peroxde,
and L*ihnac 4•u6 resin binder. One of the criteria proposed for in-
clusion in such a specification was the heat of combustion liberated --

"as determined by calorimetric procedures -- upon igition of the mixture.
7he details of the procedure were to be worked out by the present In-
vestigation, sand experimental results compared with theoretical values
calculated from accepted chemlcal thermodynamic properties of the aystem.

Three procedures for determining the heat of ombustion of the
thermite mixture were studied: the oambustion of the aLxture in a Parr
Adiabatic Oxyen Bob Calorimeter under (a) air at atmospheric pressure,
(b) argon Was at a slljhý positive pressure after purngp ad (c)
sufficient oxygen g (about 20 atmoapheres) to insure complete oxidation
of the mixture.

1
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EXPERIIMNTAL PiROCMYHE AUID RE,?ULTS

T. Combustion of Thermite Composition in Air and In Argon Gas

It wac reavonably clear at the beginning of this study that various
conditions would affect the quantity of heat liberated by the combustion,
in air, of a givian riass of the theriit,! mixture. The formulation require-
ments of the nixtu-e, shown in Appendix A, indicate that the fuel components--
magnýisumi metal, nifa to som, exte.nt the laminac resin -- are chemically in
considcralle cxces over the nxidizer, barium peroxide. Of the 52.4% of
maf~mne!,Dnm metal, without taking into consideration the amount of laminac
resin burned, only about 6.15,', of the magnesium theoretically should be
consumed by the oxyter providcd by the barium peroxide. How much of the
remainin-.: %6.25' of onconsumed ma~mesium will further react depends upon
the anount of air available to it. As the amomnt of air varies, the amount
of magnesiun undergoing reaction varies, although not all of the magnesium
is consumed even in the open air. Furthermore, a varying amount of the
liminac resin will react with available air and with some of the oxygen pro-
vided by the barium peroxide oxidant. 1

inploying a Series 1200 Parr Adiabatic Oxygen Bomb Calorimeter, thermite
samples of various sizes from 0.3 g to about 1.5 g were burned in air at a
pressure of one atmosphere.* The procedure used is outlined below:

1. !uln2. All of the determinations in this study were run on test
samples obtained from production batches of thermite except those test
samples in which for experimental reasons some component of the mixture was
left out or the oroportions of the components were altered; in these specific
instances synthetic ecoaositions were prepared. For purposes of standarliza-
tion of testing procedures, one single production batch was used, from which
two identical composite samples were drawn* Sach of these samples was a
composite of smeller increments drawn from representative sections of the
production batch in such a way that the two composite samples should be very
nearly identical. These two composite samples were used interchangeably
throughout this investigation.

2e. P•pration of the s . From data in Table T it can be seen that
the quantity ef the te~t sample governs to some extent the calorific value
obtained for the mixture. This is because the air in the bomb will react
with a Greater percent of a small sample than with a large sample, co that
it Is rcasonable to find larger caloric values for the maller samples. All
other conditions being equal, reproducible results with a limited but constant
volume of air in the bomb (ca uacity 328 cc.) would require the use of test
samples of relatively equal weights.

1 Excessive mgnesium reacts with both Oxygen and nitrogen in the air.
The presence of the orgaic polyester-styrene resin further complicates th,
reaction and one of the products of the resction is ammi. gas.

2
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Using a Parr Press a suitablo mass of the thermite mixture Is
concolidatel into a pellet, which should not be too hard. A stainless
steel iu-nition cup, ignited in a muffle furnace at red beat and cooled
in a desiccator) iz accurately weighed. By means of forceps the sample
pellet Is p.1.accd in the cup., the whole weighed, and the weight of the
sample obtained by difference. cSincas in air or argon, it is almost im-
possible to i~nite the thcrmite pellet with an electrically heated wire
element, some kind of ignition aid or otarter snust be used to start the
thermite burning* This starter will.. of courses itself be ignited by the
hot wire.

3. Ignition aid or starter. In the beginning of this stuq a
stoiciametric mixture of potassium parohiorate and benzoic acid'ý was
employed, andi the values for the heat of combustion of the theriuite mix-
ture which appear in Table I were obtained under these conditions. How-
ever, it should be said that the use of the KClO4-C6iSCQOH mixture as an
ignition aid apparently involves side reactions;3 the experimental calorific
value is markedly higher than would be predicted from theoretical considera-
tions. It seemed desirable, then., to abandon the KClO0d-C6IISCOOH as an igni-
tion aid for something simpler.,

It seemed reasonable that a mixture of barium peroxide and zvagnesiumi,
If It were much richer in oxidant that the thermite mixture itself., might
Ignite more easily and so serve as an ignition starter without introducing
any cheuical substances not already present In the original thermite mix-
ture. This would avoid the poosibility of new &Md indeterminate reaction
mechanisms occurring., with unknown products formed in unknown quantities.,
about which no thermodynamic predictions could be made without extensive
work. A mixture was prepared composed of 85.1% of barium peroxide and 14s.9%
of magneuium metal, and was found to Ignite satisfactorily within the bomb
by the customary technique of an electrically heated wire element. &~cept
for acme difficulty of obtaining reproducible heat of combustion values for
these Ignition aid pellets,. due no doubt to lack of complete homogneity of
the composition from which the pellets were pressed, the B&OO-Mg ignition
aid worked satisfactorily.

4. Calriety rocedure a&W reference A pressed pellet of 85.1%
B002 4.7 Mgwste o*ia7rp~e n the theruite Pellet In
the Igmition cup. Care should be exercised to avoid crumbling the Da0 2-mg
pellet as It Is placed in the cup. The Farr cup was placed in Its holder.,
the 10 cm fuse wire arranged so that it pressed firmly apiast the Ignition
starter pellet for about 1 cup and the bom closed. Although 1 al of dis-
tilled water is usually placed in the bob durng standarl1izations this
water must be excluded from the bam mben burning the thermite mixture In
air or argon. Water vapor formed by the intense heat of the burning mixture

2'6"C5C~ 4 1& 1~~ 5=1 + 12920 + 28002. Weigh ratio of beasoic

aid to potaseium perchiorate Is l:4*25.
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could react irith the hot excesm nm•ncsium, resulting in a calorific value
on the high cide. If argon ic uced the bomb is evacuated and the argon
fed into it until the pr,:.sure Is pooitlve. The bomb is then placed into
the caleormeLer tuc;,et. A nc'-hoc .Lss of 2 kg of distilled water is added
to the bucket, •1ther, -ozinf mor: mW. of ,.mter is added. The remainder of
the ,naorimvtry procedure f(Alowt d in this study, as well as additional dis-
culofln of thuo;, anl tLer•niLuc, can fo faund In the Parr I.D.ual lo. 120,
"O.Vgjn `ýAhb Ca.Covlctiry and 0en :,ý-A.b .o:nbustlon Methods.

,. I,(' :Z. ;ijcauze of diffi'ruiLles nconeotered in attempts t.o burn
the the suite ri::turL, in air, furtlher procedures. were investigated: burn-
in.- tGI.? -1 ::t ,- ; 11 :ifl aLtts:,', r,' )f -r, :on on the one hand, t-o remove all
cffe-et - ,n,:- to ioxyren and n!,tr,:.gn in th2 air cumbining• with the hot
linbtir-na -r cweuxi an.i ]anin:nc; and in an atmonphcre of ,s, oxy'2en In
the othcr Irtnd, to o:xiizc all ma.nir•.in and lwminac rei.in 1.o their iltl-
matc o:,r1;rton l'oiuets.

Tale& T showsr a runme of f-ii-on 'L2;_ .! eal/g. vLkh a 0.50n') e; :Mm.Je t.)
somcwh.r,: around .700 cal/g for a 1.5 , ra-nple. Al! of these test soampler
wcr,, ij;nit.d with KC1.O;j-C6%C'0CF as a starter and the heat valtue In, mr:c
than double t~le value predicted from calculations of thl theoru'e .tl theois-
dynamic value. It is very nearly impo&sible to arrive at a ra&sublc
theoretical valiue, however, because it is not known -- at lcant not avail-
able in sources at hand -- precisely how much oxygcn frcm the iB.uO reactý;
with mancsiiun and how much reacts with laminac resin binder which cýoatsn
the mainesium and PA0ý, particles. Undonbtably these' amounts r;e,, anrl Ik,
vary to some extent from sample to swnpie•, liberattin different quantitic.-,
of heat. The presence of awmonla gac as one of the pro(N',lcs rmv b..h:. ULt
the reactinon of the organic resin with nitrogen in the O'r or, more likely,
the reaction of the organic resin with matnesium nitride fornel by comblna-
tion of excess mamnesium and nLtroren from the a.ir prebent. At any rate,
the exact chemical equations cannot be written so that no unquallfit'd
theoretical thermodynamic vallue for the heat of combustJon of the reuct in
can be stated at this time. 3

Using the KC3OI,-C 6H5CO011 to ignite the thermite pellet a value ac, hirh
as 2249 cal/h (in adr) a-1 as low az 14.05 ea1/G (under argon) was obtained.
Using BaOv.*C to Initc the thermite plllets yielded a value of 74EI cal/g
in argon Tse" App.nmdx B, Item 5) and values of 1399.6 ca]/h and 1373.9 cal/t,
in air (7iable II). These determinations were amon the last male in thi,
study and shoud1 be corroborated by ru-ther work.

The difficulty of predictit, these oU1d state reactiot s, is ru#getqt,:d
by the following data: the theoretical heat of combustion of Lhe rO-. 4 :',.
B&O + IrSO system in 321 cal/iS but experimental results Indieate a valuc in
the range of 383 Cal/g, or 62 cal/r high. 7urthermore, if we ansume that zj I

the laminae in a I a sample of the themidte mixture reacts, this would
account for an additional 339 cal/a. or a total theoretical value of 321 cal/'
plus 339 Cal/a, *1eh equalo 660 ca/ge But an experimental value of 7•4. cal/c
v" obtained under argon gas, or 38 cal/g higher than predicted.

a 4
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Although in argon gas aome of the difficulties encounteredI by
leaving air in the bomb ame overcom -- for exampe., simplification of
the reaction mechanisms -- the iudaetal objections remain:

a. The theraite mterial Is hard to Ignites so that a starter
pellet or Iguition aid subat be used., complicating the laboratory technique,9
the chemical reacti ons, the calculations, and the eseS of derivin2g a
theoretical value againstwhdich the exermeta values ma~y be reliably
copae.

b. Iluere is a great excess of nogniol and ilimcn (the fAels)
over the amount of Ba% oxidant, so that an asby residue of uncoramad
monesium, metal, manpesium oxide, barium, oxide,, and unburned or thereL~ly
decomosed Iamenac remein. It Is suspected that one reason for poo r e-
producibility of results in that the D%02 does not always react completely
Vith the fuel. . tinof the residue after buraing In argon (indeedg,
sometlines In air) supsts that the pellet has not reacted to completion
and that mbabrned pockets raesn.

6. &=@ b. 2wresul~ts obtained from burning test somles of the
tinohe msixtue In limited air svqpy and inu the abosenc of air (in argn
gas) Serve as a roua guls as to the value at the heato of Combustion
under those remspetive coomditionso It Is vaderstood that these values
have at bean rigarous1y vorified am san st'Ill at the vworkig level., For
the theunite o~osiotion burning In air (about 38 co-) valus$ of 1399.6
oalg and 1373.9 aal/a wer faved. Noisig the eaq Awiiom er argon

MsS, after forgiag the air, resUlted JS a Val10 CC 7%8*6 oal/g# From
those values at least an mpgowill-tI'm, sa be sae at the Oeffat of air
'wor the queatty of boat liberated by the mixture.

UI. Cowbstin at lhermite - -oeitiaa In any@ ass

-- ~a the thendto mixtum vao eaftcient gM O's (20 tosjil"es
to ofeft~o aomplete oxiatim af all oweamesk solved nm of the durn-
ealties -!m e I-- In too we Of air or Grose oh themmite poe"Jt
Igated esiOly aot reliably Imrig ,q it~th haein to an a starter or

Wfatim ald. prebim at Imospeft jawU=t -at N of 'md Ipoohete11
Is the t1kadto pellet - mealulatooed. '0 1kcetleal valass am be
ea~loolasd ftr the miino abeanda resetlmm, all at id1sh ama be
wittsa# all atif e * am V to oempletiag w those values tho cm-
pausd with NJ -40teLly CObNin heats atNof i nto*a nwvewr, the heat
voasu t.ilmod valr those eomtIons 14 ootw2y Via to potentia heat
wauisae IS the "ostu, an mt in ea be" &*up UA opeausg sendtiorna.

4 tn -1 ia2900" onn"tie is ~i~ a pies of salsuimotey. For
dtomselorn see Sw~meir 16 ftrr Mma ft. IM0
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1. Calorimetry procedure. f~ter careful sampling and mixing, a mass
of 0.5 to 1.0 -,ras of the thermlte nixture Is consolidated into a pellet
by means of a Parr prs. A stainle3s steel cup is prepared in the follow-
Ing manner: 'le clean cup in lined with asbestos filtered from asbestos
soup or. u Gooch c:rucileL. ý?.ith the bottom anrl the scJec must be amply pro-
tected by sev2ral applications of asbcotos or equivalent to avoid melting
the cu,) or heatlnC. it so hot that part of it may be consriued in the oxygen
at.mosphcrv. 5 ,he a:bestoi llnin; Ti pressed into shape and dried, then
finally ilTnitcd in a muffle fNrnacc at red heat for 5 minutes, cooled in
a desiccatLr, and w.iA]ht:x. "i.ng forctreps, place the thermito pellet in
the cup and rew_,1gh, obtaining the samp'l weiit by difference. Proceed
with thc unual techrd jue mtai•b', for oxy•cn bomb calorimetry. Any evidence
that the residue has reacted with the ciap or that the cup has corroded or
pittei would ,ont.:"',,t- t, the suno-cion that the heat value obtained is
high. , conhustion and r.aetion of the Farr cup with the oxygen
atmosphrc. ,h.n It is ce,,rheated arc probably the two major sources of
error in this tcchniqu._.

~20 ramLj1'u calculations:

a. Termite in oxygen

10.553-2 g (lined cup and pee:let sample) Theromcti'r Changes
95 (cup with acbeato• iininr) 76.4.;'F
659G2G (Weight of cample) 76.15

76 14r Intia).

77 -NI
t N' WIater 2qulvalcnt Tot,,' BWI¶ 77.90

i.h 6 " .X `45• 9 F• / *F -, ), 0 . 1 Ir m I T r . (11
Mitnus vir-. corr-.-et1 )r. -411'. 0 M 77. 91
Corrected IM)T; 3545.1 PnT1 77.91 Final

77.1"F
-76.hI r

41 t , 1.1a;"F

6
0.56P(- (eihtof s.ale) - YA6*2 MTIJ/lb - 3PJ.5callg

5 Although a•b.rtos was here ;aced alwndti cement has been swuested and
would probably be superior.

6 The calculation methods are obtained frw the ftrr rkinual "o. 120.

6
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b. Po]ymrLa Ts luac 4116 Polyeetar resin In oxygen

o g (Sale weight)

St X was.. - m 37648

3.265"F X 2459 - 8w8.4 Bw 76.79
Wire correcti -0 BTU

797 B 7. B TU7 -7 076.790"F

M8.4 BTu ,83-5 BTU/# A

12S,43.5 TU/# X 0.55556 - 7135.9 cal/g

0.55556 ia the accepted value for the comnrsion of BTU/# to
cal/grm.

3.T Meoreticr4 Calcvatian

a. Va -te buned In excess oxygen (20 atmosphares)

Bari=m peroxide - agesii ai teu

Ba 2 + g -. 1) WgO + O

24 GW + 16-6O -. 4 4032 OW + 15. OW

Barium peroxide at 42.86% in the limiting reactant; it will react
with 0.0615g of snaesiUm to produce 0.102g of NgO and 9.3881g ofBRO.

Heat of formation computatims:

-150v500 cal/Mol + 0.0 -14 3,,84o ceall -133,4O0 c l/sol

B&aO2  + M 4 -- NO + hO

-3W.9 Cl/.4286 g + 0.0 -0 -363.9 .m/.loe g - 33T.6 Cal/.3881

-- - 320.6 c.1/s

bxotbaraie

7
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24.32 O032
Ns +1/2Q O -44
. W465 a .767 S

0-46e5 g of~ Mg remair, after .o65 g of total 0*5240 g were
oxl&'4aod by A%02

X Cal . 2736.2 .li/

C. tmnC - Oven System

By experizent Ialaa - 7119 Na/g average

.o•76 g Iminac/graw o; ample

.o _L_ - 338.9 ca/gI g 73.19

Dotal Zheoretical Beat value by eddition:

32o.6 cal/g
2736.2 cal•/g

3395.7 cal/s theoretical heat value compares reasonably with the
experimntal value obtained of 33 204. cl/g. See Appendix B,
Item 1. No satisfactory theoretical heat value is available for
the theitite In air or argon because the reaction system and
their weights cannot be written.

C(W'CIIOKS AND REXDAUIATIONS

It was found In this study that the thermite siaples burning in ar.,
and using a KCIOJ-C6H5COOH pellet to initiate the reaction, yielded a
higher heat of combustion than could be axpliaied by theoretical calcula-
tions. After applying corrections for the heat evolved by the KClIO4-C6H5
COO reaction, the fuze wire oonsumed, and the reaction of mngmesium mad
Iminac resin with ozygen and nitrogen of the air, the experimntal heat
of cmbustion values #ere still considerably higher than the theoretical
values. To derive these theoretical values, the sun of all reactions in
the systsm must be knovn, as well as the weights of products and reactanta
Involved. Tb write the ehzeicsal equations for all of the reactions my be
possible,# but to discover the weights involvel would be a very tedious
matter. Although there my be others, the following are reactions that
were assmed to occur:

8
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8tnrt~er: (1) 1sC6S 5000H + 15=014  1 5KC1 + 12120 + 28W02

TWUM (2)B&02+ ft - M~OD +BaO

(3) Laminae + B02 -B&D + 20 + 002(in a dear Of
oxygen 00 In also probably formid)e

(a + 02 f r+ t - 0 + 02+(5) 20(fonw " prodc frmeuain (1)0,2p n (40

(6) 311 + N2 Wg3N2

(7) Lminac or Its Products of ihezmal d4ceposition
+ either 12 from the air or N3N2
a NH3 eaong other products

No satisfactory theoretical solution seem feaible under these conditions,

Secondly, it va found that burning In air, and using the KC04-C6H5COH
starter, did not allow for any high degree of reproducibility. Deviations
fr= the averagse value for the heat of combustion include 3.5%, 0.93%, 2.5%,
4.7%, • ad 1.6%. Iack of unifonmity In the composition of the specimen
samles thmselves., as well as differences In the mount of B&O2 reacting
with mmoesim oan the ome hand #ad with Iamiac an the other hand., no doubt
account for sm of this variation.

It Is not recomendad that KC10 4-C6H1C00H mixtures be used to start the
combustion of the thermite pellet

TWo values were obtained in viach thermite swiples were Ignited by a
B&02-)% staUter pellet. Reproducibility of results were satisfactory in
these two instances, in vhich the test speclae averaged 1386.8 cal/g and
deviated from the average by 0.94%. While an insufficient number of specilen
were run, the values here Indicate the heat of combustion rane oe would ex-
pact for the therit. mixture in limited air.

If it is desirable to find the actumi hest of combustion of the isolated
mixture, it must be burned under argon gsA; the ignition starter, spin,
Should be a mixture of 3&02-4g such as the one used In this study. Whatever
the Proportions or BaC2 -Ng employed, great are mast be used to insure that
the mixture is hmageneous. We therefore reommand that three or four
pellets be pressed out of the asO2-Mg six to be umsd as the starter, and
the average heat of combustion deteimined by calorimetry be used in correct-
ing fir beat put into the systami by the starter pellet. 2ese thze or fout
pe3llts probeb1 ashould not vary am from the other by more than 4 cal/g.

Most of the work i tinls Atdy va dom e oan buMag the thezuite om-
position In an excess of oxygen, becum hee e con take all the fuaU to

9
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complete oidation, we con predict the ch.dcal ,,actions, and Me can aom-
pute a resonable theoretical value for the hbet of combustion* A theoreti-
cal h"t of -,ombuution of 3395.7 cal/g vs derived wa this compares favor-
abl7 with experietal values listed In Uble III: for exnamplet 3303.5 cal/i3
3266. cal/g, or 3477.6 cal/g. with one exception all of the values foell
within 1 100 cal/go At this time in the investigation It would seem reason-
able to expect values for the heat of combustion of the thernite mixture to
fall within 1 100 cal/S of the theoretical heat of combustion of 3395.7
cal/g, and furthermore to expect the great malorlty of the values to fall
within 100 csl/g below the theoretical heat of combustion.

'The uijor sources of error, which would shw as poor reproducibility of
results in a series of determinations performed on test specimens taken
from the same sample, include: (a) oxidation of the Parr cup, (b) Incomplete
combustion, (c) lack of uniformity in composition of the test specimens
taken from the me sample., and (d) slow flow of heat from the porous cm-
bustion products in the cup, which have a low thermal conductivity. to the
calorimetric fluid. so that the operator my be led to make premature final
thermometer readings.

TABLE I

Data developed on burning theruite ipnition mixture in an air volume of
328 c.c. using KC104-C61•5COH ignition aid

Correction Heat of Combus-

__e Wt* _ter Wt. A__t i__F Totr BTU in BTU tion in cal/a

0.5099 g 0.4181 g 76.935-75.72-1.215*F 2987.7 -923.3 2249.2

0.7031 g 0.5796 6 78.30-76.65-,1.65"F 4057.4 -1285.6 2190.2

1.0265 s 0.4865 6 78.67-76.79-1.88"F 4622.9 -961.8 1981.5

1.1503 g 0.7913 79.91-77.50.2.411 59e6.2 -1752.7 2015.7

1.4278 0.3836 78.7576.65-2.1"F 5163.9 -844 1680.9

1.5796 0.67T4 81.32-78.6-2.72*7 6688.5 -1498.4 1825.4

TABLE II

Data developed on burning theraite ignition sixture in air volume of 328 c.c.
using 85.1% B02- 14.9% Mg igition aid

1.I1ii g 1.7613 £ 77.35-75.21-2.14F 5262.3 -2455.5 1399.6

1.1883 0.54U1 g 73.71-72.20-1l51-F 3713.1 -774.4 1373.9

10
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Data developed on burning therulte mixture in 20 A2M of oxy•em.
Correction Reat of Coibs-

Sample Wet In 1 TotalM InBU tU in ca
0.3oe 7677- 755.-1025" 750. - .O WO6 (1)

0.3095 g None 77.05-76.275-0.775 1905.7 -33 3156. 6 (2)

o.6647 9 AludMa 78.8e-77.•25...57 3860.6 -36 3U96;6 (3)
Nvd.

0.550 g Asbestos 79.05-77.90-.080 2655.7 -32 3203.6

0.458& g Asbestos 79.75-78.61-1..14 2803.3 -38 3351.4

0.8539 a Asbestos 78.39-76.33.-2.06 5065.5 -45 3266!.1

0.5962 g Asbestos 77.go-76.45-1.l6" 3390.1 -45 3O3.5

o.1677 g Asbestos 78.27-76.90,1•37* 3368.8 -.3 3961 (4)

0.5259 Poroelain 79.65-78.43,1.220 2999.98 -38 3129 (5)
Crucible

0.7416 £ Asbestos 73.25-71.35-l.90" 4'672.1 -30 3T77.6

*Average of accepted results 3320.11 0a1/9

1. Rejected: stainless steel cup malted by heat of reaction. Some of
the p probably burned.

2. Rejected: same reasons an abwe.

3. Rejected: Appewace of inomplete combustion.

Re. ejected: side of cup attacked and pertly consumd.

5. Rejected: Crucible broken by et. * uspect nomete combustion.

Alwi. cment vold probably eMnde the beat better thn asbestos.
7%Utbezmre, It has been suested that asbestose my, In fuszIn dergo
molecular reareamingt wduih absorb heat.

TAM IV
Data developed an burning Im~nc-ZAyerso (poiyusriaed, so11d) In 20 ATO of
oxygen Correction Beat of Cmustion

!Mle w. _ZS t In "1 Ttal ,U In BT in MV/
0.6212 76.79-73.525-3.265" 8028.1 -50.0 7135.9
0.5w0h 75.580-72.903-,.6r" 65-.7 -2 714-7.2
0.4576 7.98-..75.59.-.2W 587.0 -50 7.071.5

Average 712M Ma/c
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APPUDIX A

I. Che al compositien of Therulte Ipition NU.zture

C___ent Parts y We In Peroent

Bai.,u Peroxuie 450 h.86%
Jet )aaueium 150 11.30
RDA 89 elhsium 400 38.09
Lminae 4326 49.25 4.68
Lurero 0.75 0.07

10o0.00 puats .00.00W

II. Percent of Reactants in Thermite IpItion Mlture

Ca neat Percent

Barim Peroxide 42.8%
Mwesila 52.4
1a.nac-Iapersol ..8

III. 8pecitfcation Requirements for Ingredients used In Theruite Ipition
Wixture

Barim Peroxide JAN B 153 Class A
Jet Mognesium Type 3 Gran 16
RMD 89 M uesiiu TYe 3 oran 17
Laninac 4.116 Polyester Resin NIL-STD-708
Tupersol

12
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APPEIX B

XUecellaneous Beats of Cambmtlon Developed in this Study

1. 7hermite mixture without lminac binader, burnes under 20 atmspheres
of OJWe6: A comparison smong the values obtained b7 burning a synthetic
mixtue without the laminae binder, a production sample with isalase from
whlch the experlsentally determined host of oubustion of 1aminae is sub-
tracted, and the thoretioal beat of combustion of the thermite mixture
burned In o3n=, fro, vhich the experimental beat of ombustion of lasmi
Is subtracted:

Synthetc fthe.ite Sapes; Production Thermdte Smples; beoretlesl Hest of
wIthout Iriinc, burned without linae, in 02; value Combustion of 2amite

_n_2!Mo for laminae subtracted In agn-l o value for

3.1 2.8 csa03 3--20. •47 -, 3395- .7 al/.
3063.8 MIA 3slg 08 ••.7 - a F6.o

m l/

Deviation from Tbeoretical 40.25% -2.5% 0.0%

Mlsoallaneous Rests of Oamustion, , prtlyDt~e
* ~OUOrCtion Nest of (Ombustics

§MLO W XWtion wt. At inVP oa &M in -ui a

2. 0.875 g 0."97 g 1.525* 371.9.97 -1536.117 1.05.1

3. 1.11669 a 0.3313 x 1.4r7 36111.7 - 71.2.6 1087.7

11. 1.5201. S o.86, 21111.7 - 2n 762.0

5. (a) 1.2887 £ 1.185" 2913.9 . 27 12".6

(b) 1.1028 £ 0.93" 226.8 - 22 1140.9

6. 0.o7 g 0o.378 g 0.650 159.35 - 15 7h8.8

Omditlam under blahi above bhast of frotsmn wre detalmed:

2. 1 Iut* In oqps, wtith zuak'C6UsC M l tiom au.
3. "m-to In are=,, wthaout lona biuder, * • i1M Cms$(o0

i41ticm aid.
4. ftuuetie m .e ot 85.1s1 . inareu.
5. 1Q.-O6N9I Mmixture h.15:1] in aa m.
6. •e•mite in wwa using asho s- iit aid.
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