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ABSTRACT

" " The calorimetric determination of the hest of combustion of &
tertiary pyrotechnic composition - the thermite mixture - was astudied.
Resuits wvere obtained under three sets of conditions: combustion of
the thermite mixture in limited air, in argon gas, and in oxygen gas
at a pressure of 20 atmospheres. Procedures and results are compared
each with the others, sand, vhen possible, with theoretically predicted
values, '
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INTRODUCTION

An analytical procedure was needed for establishing specification
limits for a thermite mixture composed of magnesium, barium peroxide,
and laminac 4116 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 ignition of the mixture.
The details of the procedure were to be worked out by the present in-
vestigation, and experimental results compared with theoretical values
calculated from accepted chemical thermodynamic properties of the system:

Three procedures for determining the heat of combustion of the
thermite mixture were studied: the combustion of the mixture in a Parr
Adisbatic Oxygen Bomb Calorimeter under (a) alr at atmospheric pressure,
(b) argon gas at a slight positive pressure after purging, and (c)

i sufficient oxygen gas (about 20 atmospheres) to insure complete oxidation
; of the mixture.
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EXPERIMENTAL PROCED'JRZ AlD RESULTS
T. Combustion of Thermite Composition in Air and in Argon Cas

T4 wag reasonably clear at the beginning of this study that various
conditinns would affect the quantity of heat liberated by the combustion,
in air, of a ;lvon mass of tue thermite mixture. The formulation require-
ments of the mixture, shown in Appendix A, indicate that the fuel components~-
magnosium metal, eand to some oxtent the laminac resin -- are chemically in
eonsidoratle cxeess over the nxidizer, barium peroxide. Of the 52.4% of
magnesium metal, without taking into consideration the amount of laminac
resin burned, only sbout 6.15)) of the magnesium theoretically should be
consumad by the oxyser orovided by the barium peroxide. How much of the
remainin; 6.257" of unconsumed magnesium will further react depends upon
tae amount of alr available to it. As the amount of air varies, the amount
of macnesium undergoing reaction varies, although not all of the magnesium
is consumed even in the open air. Furthermore, a varying amount of the
laminac resin will react with available air and with some of the oxygen pro-
vided by the barium peroxdde oxidant. 1

omploying & Serles 1200 Parr Adlabatic Oxygen Bomb Calorimeter, thermite
samples of various sizes from 0.5 g to about 1.5 g were burned in air at a
pressure of one atmospherc, The procedure used is outlined below:

1. Sampling. 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 same component of the mixture was
left out or the proportions of the components were altered; in these specific
instances synthetic campositions were prepared. For purposes of standandiza-
tion of testing procedures, onc single production batch was used, from which
tvo identical compositz samples were drawne Esch of these samples was a
camposite of cmeller increments drswn 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 uscd interchangeably
throughout this investigation.

2. Preperation of the sample. From data in Table I it can be scen that
the quantity of the tect sample governs to same extent the calorific value
obtained for the mixture. This is because the air in the bomb will react
vith a greaer percent of a small samplic than with a large samxple, co that
it is rcasonable to find larger caloric values for thc smaller samples. All
other corditions being equal, reproducible results with a limitcd but constant
volume of air in the bomd (canacity 328 ce.) would require the usc of test
samples of relatively equal weights.

lﬁbtcenive mgnesius reacts wvith both oxygen and nitrogen in the air.
The presence of the organic polyester-styrene resin further complicates the
reaction and one of the products of the reaction is ammonia gas.
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Using & Parr Press a suitablc maas of the thermite mixture is
consolidatel into a pellet, which should not be too hard. A stainless
steel iznition cup, ignited in a muffle furnace at red heat and cooled
in a desiccator, i1c accurately weighed. By means of forceps the sample
pellet is p'accd in the cup, the whole weighed, and the weight of the
samplc obtalned by differesnce. Since, in air or argon, it is almost im-
possible to ignite the thermitc pellet with an electrically heated wire
element, samc kind of ignition ald or starter must be used to start the
thermite burning. This starter will, of course, itself be ignited by the
hot wirc.

3. Ignition aid or starter. In the beginning of this st a
stolciometric mixture of potassium perchlorate and benzoic acid< was
cmployed, and the values for the heat of combustion of the thermite mix-
ture which appear in Table I were obtalned under these conditions. How-
ever, it should be said that the use of the KClO4-CglisCOOH mixture as an
ignition aid apparcntly involves side reactions; the experimental calorific
value is markedly higher than would be predicted from theoretical considera-
tions. I% seemed desirable, then, to abandon the KC10y-CglisCOOH as an igni-
tion aid for samething simpler.

It scemed reasonable that a mixture of barium peroxide and magnesium,
if it were much richer in oxidant that the thermite mixture itself, might
ignite more eascily and so serve as an ignition starter without introducing
any chemical substances not alrcady present in the original thermite mix-
ture. This would avoid the possibility of new and indsterminate reaction
mcechanisms occurring, with unknown products formed in unknown quantities,
about vhich no thermodynamic predictions could be made without extensive
work. A mixture was prepared composcd of 85.1% of barium peroxide and 1h4.9%
of magncsium metal, and was found to ignite satisfactorily within the bomd
by the customary technique of an electrically heated wire element. Except
for some difficulty of obtaining reproducible heat of combustion values for
these ignition aid pellets, due no doubt to lack of complete homogeneity of
the composition from vhich the pellets were pressed, the BaO,-Mg ignition
aid worked satisfactorily.

b, Calorimetry procedure and reference. A pressed pellet of 85.1%
Ba0p and 15,0 Mg vas then preparcd and placed on the themmite pellet in
" the ignition cup. Care should be exsrcised to avoid crumbling the BaOy-Mg
pellet as it is placod in the cup. The Parr cup wvas placed in its holder,
the 10 o fuse wire arranged so that it pressed firmly against the ignition
starter pellet for about 1 cm, and the bomd closed. Although 1 ml of dis-
tilled wvater is usually placed in the bomd during standardization, this
vater must be uxcluded from the bamd when burning the thermite mixture in
air or argon. Water vapor formed by the intense heat of the burmming mixture

2uc635cooa+1s KC104 = 15KC1 + 12Ho0 + 26C0,. Weigh ratio of bensoic
ald to potassium perchlorate is 1:4.25.
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could react with the hot excess masnesium, resulting in a calorific value
on the high cide. If argon ig uced the bomdb is evacuated and the argon

fed into i+ wntil the prossure 1e positives. The bomd is then placed into
the calorimuicr Lucret. A welched mass of 2 kg of distilled water 15 added
to the bucket, =l then one more ml of water is added. The remainder of
the culorimetry procedure follow:d in this study, as well as additional dis-
cussion of thuoiy; anl technijuc, can be found ia the Parr lManual lo. 120,
"Oxyeen Tomb Culovimetry and (iygea Somb Combustion Methods. '

ve sy tge  eceuse of diffienliies cneounterad in attempts to burn
the themiite micture in air, further procedures were investigated: burn-
in; th: nizbwe onoun atmonob o o argon on the one hand, to remove sll
effects du to 2xygen anld nitrcen in the alr cambining with the hot
unburmen murmeciun and laninac; and in an atnosphere of excese oxyen on
the other hand, to oxidize 211 mamecivm and luminae resin to their alti-
mate oddation producis.

Trle T shows a runce of foon #2440 cal/p with a 0.40%) g sample to
sonmcwhare around 1700 ca.l/g for & 1.9 r rample. A1l of *these test samples
were ignited with KC]AO}‘-C(;!I:)(.'OOH 28 & starter and the heat velue I morc
than double tlie value predicted from caleulations of the theore?  al thoemmco-
dynamic value., It is very nearly impossible to arrive at a reusclwble
theoretical value, however, becausce it ls not known -- at lcast not avail-
able in sources at hand -- precisely how much oxygen from the BaOp reucty
with magnesium and how much reacts with laminac resin binder which roats
the mugnesium and Na0» particles. Undonbtably these amounts cun, ant lo,
vary to some uxtent from samplc tc sample, liberating diffferunt quantitic.
of heat. The prusence of ammonis gas as one of the products mav b due
the reaction of the organic rvsin with nitrogen i{n the «%r or, more likely,
the rcaction of the orsanic resin with magnesium nitride formed by combina-
tion of excess magnesium and nitrogen {rom the atyr prescnt. .t any rate,
the exact chemical eguations cannnl be written so that no unquailfied
theoretical thermodynamic value for the heat of combwustion of the reuction
can be statcd at this time,3

Using the KC]O;,-C6HSCOOH to ignitce the thermite pellet a value ag hivh
as 2249 cai/g (in air) and as lov as 1405 cal/g (under ergon) wus obtained.
Using BaOo-M; to Ignite the thermiie pellets yielded & value of 746 cai/g
in argon (sec App:ndix B, Item 5) and values of 1399.6 cal/g and 1373.9 cal/y,
in air (Table II). Theee determinations were among the last made in this
study and shonld be corroborated by further work.

2

“ The difficulty of predictin; these solid state reactioss (s sugaested
by the following data: the thecorctical heat of combustion of Lhe FaQp + I
RaO + 1'SO syctem is 321 cal/g, but cxperimental results indicate a valu: in
the renge of 383 cal/g, or 62 cal/r Wigh. PMurtherwore, if we assume that ull
the laminac in s 1 gram ssmple of the thermite adxture reacts, this would
account for an sdditional 339 cal/g, or a total theorctical value of 31 cal/
plus 339 cal/g, vhich equalo 660 cal/g. But an experimcntal value of T4 cal/y
wus obtained under argon gas, or 38 cal/g higher than predicted.
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Although in argon gas some of the difficulties encountered by
leaving air in the bomb are overcome -- for exsmple, simplification of
the reaction mechanisms -- the fundumental objections remain:

a. The thermite material is hard to ignite, so that a starter
pellet or ignition aid must be used,complicating the laboratory technique,
the chemical reactions, the calculations, and the ease of deriving a
theoretical value against which the experimental values may be reliably

compared.

b. There is a great excess of megnesium and Leminac (the fuels)
over the smount of BaO, oxidant, so that a2 ashy residue of unconsumed
magnesiun metal, magnesium oxide, barium oxide, and upburned or thermally
decomposed laminac remain. It is suspected that one reasom for poor re-
producidbility of results is that the Ba0p does not always react completely
vith the fusl. Examinstion of the residue after burming in argoa (indeed,
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l. Calorimetry procedure. /fter careful sampling and mixing, a mass
of 0.5 to 1.0 srams of the thermite mixture is consolidated intc a pellet
by means of a Parr press. /A stainless steel cup is prepared in the follow-
ing manner: The clean cup is5 linecd with asbestos filtcred from asbestos
soup or & Gooch ciueitle, Doth the bottam and the sides must be amply pro-
tected by sevorul applications of asbestos or equivalent to avold melting
the cun or heating it so hot thet part of 1t may be consumed in the oxygen
atmocphere. 2 The asbestos linin: is pressed into shupe and dried, then
finally i;nited in o muffle furnace at red heat for 5 minutes, cooled in
a Jdeslecator, and woished.  Usting foreceps, place the thermite pellet in
the cup and rewcigh, obtaining the sample welght by difference. Proceed
with the ususl technijue sultcbie for oxyrvn bomb calorimetry. Any evidence
that the residue has reacted with the cup or that the cup has corroded or
nitted would contriite to the suspicion that the heat valuce obtained is
high. Incompletse combusiion and reaetion of the Parr cup with the oxygen
atmosphere vhen it is cverheated arc rrobably the two major sources of
error in this technique.

2« Sample calculations:

as Thermite in oxygen

10.5532 £ (1incd cup and pellet sample) Thermomcter Changes
e D5 (cup with asbestos lining) T6UF
0.5902 ¢ (Vcight of sample) 505

_7_6_.3% Initial
T7.
TT.\"S
Dt 3 ater Squivalent - Totul BTV 77.90
1.h6°F £ 259 pPTU/OF = 1100.1 BT T1.0
Minus wire correctinn -L% 0 BTY 77.91
Corrccted HT ",SKS.I T Tr.21 Final
TT.9N°F
'76."‘-}

O LA

6 gg g 1
o1 Biv
.6902 ; (weight of sample) = 4)46.2 BTU/Ib = 3303.5 cal/g

5 Although ast:ztos vas here used alundum cement has been susgestoed and
would probably be guperior.

6 The calculation methods are obtained from the Parr Manual “o. 120.
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b. Polymerize igr ‘nac 4116 Polyestsr resin in oxygem
10 5216 < : , T3.53°F
"&1’2‘ g (Samule Weight) ;}% .%2
iz
O\t XW.E = 3N 76.78
3.265°F X 2459 = 5028.k BTU 7ge-79
Wire correctins -50.0 BTY 1679
'7"%.‘5 PR
76.790°F

A el
%’?gﬁ_g'@s'mple = 12,843.5 BTU/# AN 'l'}.%'r

12,643.5 BTU/# X 0.55556 = T135.9 cal/g

0.55556 ia the accepted value for the conversion of BTU/# to
csl/urem.

3. Theoreticr® Calonlation

a. Th wite burned in excess oxygen (20 atmoepheres)
Barium peroxide - magnesium system
Ba0y + Ng ~=> MgO + Ba0

%sm:, 0'%&" - g?iy gﬂ * %?’
vita 0.04136 of e gaosium o produes Ov1626 oF HeD vni 5 3BELE of
Beat of formation computaticus:
-150,500 cal/mol + 0.0 ~143,840 cal/mol ~133,40C cal/mol

BaOp + Mg —> Mg0 + Be0
=380.9 Cal/.k286 g + 0,0 ==p =363.9 cal/.10R g - 337.6 ¢a1/.3881 g

—3 = 320.6 callg
Exothermic
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b. Kagnesiux - Oxygea Lystex

22,32 ) 2632
Mg + 1/2 2 —
0,‘6‘2’5 8 ¢767 [ 4

Q.k525 g of Mg remaix sfier 0815 g of total C.5240 g were
oxddtzed by Daly

153,8U0 celfmol . X eAL . 2736.2 oal/
HhEere - M, e e

. lzamioee ~ Oxygen System
By experiment lamisac = 7119 cal/g average

+O476 & Laminac/gram of seample

0476 8 - _X__ = 336.9 callg
1g T119

Totsl Theoretical Heat vnlule by eddition:

320.6 cal/g
27362 cal/g
cal

33%.7 cal/e

3395.7 cal/g theoretical heat value compares reasonably with the
experimental value obtained of 3320.4 cal/g. See Appendix B,
Itex ). Ko satisfactory theoretical heat value is awvailable for
the themmite in air or argon because the reaction systems and
their weighte cannot be written,

COPCIUSIONS AND RECOMMENDATIONS

I{ vas found ir this study that the thermite samples burning in air,
apd using & KC10L4-Cgl5CO0H peliet to initiate the reaction, ylelded s
highsr heat of combustion than could be sxplained by thooretical calcula-
ticns. After applying corrections for the heat evolved by the KC104-Cgli5
COOH reaction, the fuze wire consumed, and the reaction of megnesiuve sud
Jaminac resin with oxygen and nitrogen of the air, the experimental heat
of combustion values sere still considerably higher than the theoretical
values. To derive these theoretical values, the sum of all resctions in
the systsm must be known, as well as the weights of products and reactants
involved. To writs the chemical equations for all of the reactions may be
possidble, but to discover the weights inwnlved would be a very tedious
matter. Although there may be others, the foliowing are reactions that
wvere sssumed to occur:
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Starter: (1) hCGHSOOOB + 15K010, = 15KC1 4 12320 +28(.'.02

THERMITE: (2) BaO, + Mg = MNgO + Bad
(3) laminac + BaOp = BeO + Hx0 + COo (in a dearth of
oxyged CO is also probably formed).

(4) laminac + Op from air present = OO0 + 00y, + H)0

(5) B0 (formed as product from equatioms (1), (2), and (k).
+ Mg = Mg0 + Bp

(6) Mg +N2 - k3x2

(7) Laminac or its products of thermal decomposition
+ either Ny from the air or Mg3N>

= KHy asong other products
No satisfsctory theoretical solution seems feasible under these conditions.

Secondly, it was found thet bwrning in air, and using the moh-censooon

startsr, did not allow for any high degree of reproducibility. Deviations
from the sversge value for the heat of combustion include 3.5%, 0.93%, 2.5%,
h.T%, and 1.68. Ilack of uniformity in the compusition of the specimen
samples themselves, as well ag differances in the amount of BaOo reacting
with megnesium on the one hand and with Laminac on the other hand, no doubt
account for some of this variation.

It is not recommended that KC10)-CglsCOOH mixtures be used to start the
combustion of the thermite pellet

Two values were obtained in vhich thermite samples wers ignited by a
BaOy~-Mg starter pellet. Reproducidbility of results were satisfactory in
these two instances, in which the test specimens averaged 1386.8 cal/g and
deviated from the average by 0,.94%. While an insufficient mmber of specimens
wvere run, the values here indicate the heat of cambustion range cae would ex-
pect for the thermite mixturs in limited air.

If it is desirable to find the actuai heat of cambustion of the isolatsd
mixture, it must be buried under argon gas; the ignition starter, again,
should be a mixture of BaO2-Mg such as the one used in this study., Whatsver
the proportions of BaCo-Ng employed, great oare must be used to ingure that
the mixture is homcgeneous. We therefore recommended that three or four
pellets be pressed out of the BaO2-Mg mix to be used as the starter, snd
the everege heat of combustion determined by calorimetry be used in correct-
ing for heat put into the system by the starter peilet. These thrée or four
pellats probedly should not vary one from the other by more than L0 cal/g.

Most oY the work in this wtudy was done on burning the thermite oom-
position in an excess of oxygen, becawse here we can taks all the fuels to
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complete oxidstion, we can predict the chemical reactions, and we can com-
pute a reascnable theoretical value for the heat of combusticn. A theoreti-
cal heat Of asombustion of 3395.7 cal/g ves derived and this compares favor-
ably vith experimentsal values listed in Table III: for example, 3303.5 cal/g,
3266.4 cal/g, or 3477.6 cal/g. With one exception all of the values fell °
wvithin + 100 cal/g. At this time in the investigation it would seem reason-
sble to expect values for the heat of combustion of the thermite mixture to
fall within + 100 cal/g of the theoretical Leat of combustion of 3395.7
cal/g, and furthermore to expect the great mejority of the values to fall
vithin 100 cal/g belov the theoretical heat of combustion.

The major sources of error, vhich would show as poor reproducibility of
results in a series of deteminations performed on test specimens takem
from the same sample, include: (a) oxidation of the Parr cup, (b) incomplete
combustion, (¢) lack of uniformity in composition of the test specimens
taken from the same sample, and (d) slow flow of hest from the porous com-
bustion products in the cup, which have & low thermal conductivity, to the
calorimetric fluid, so that the operator may be led to make premature final
thermometer readings.

TABLE I

Dsta developed on burning thermite ignition mixture in an air volume of
328 c.c. using KC1Gy, -CcH5COOH ignition aid

Correction Hest of Combus-~

Semple Wt. Igniter Wt. £\t ia'F Total B in BTV tion 1n cal/g
0.5099 g 04181 g T76.935-T5.72=1.215°F 2987.7  -923.3 2249,2
0.7031 g 0.5796 8  TB.30-T6.6551.65°F  UO5T.4  -1285.6 2190.2
1.0265 g 0.4865 g  TB.67-76.79=1.88°F  U622.9 -961.8 1961.5
1.1503 g  0.7943 T9.91-TT:50a2.41°F  5926.2  -1752.7 2015.7
1.4278 0.3836 T8.75-76.65=2,1°F 5163.9  -Buk 1680.9
1.5796 0,674k 81.32-78.6=2,T2°F 6688.5 -1498.4 1825.4
TABLE IX

Data developed on burning thermite ignition mixture in air volume of 328 c.c.
using 85.1% BeO,- 14.9% Ng ignition aid

11181 g 1.7613 g T7.35-75.21=2.14°F  5262.3 ~2455.5 1399.6
1.1883 g  0.5811 g T3.T1-T2.,20=1.51°F  3713.1  -TTh.k 1373.9

10
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Deta developed on burning thermite mixture in 20 ATMB of oxygen.
Correction Heat of Combus-

%ﬂ.ma'cm'r , Total BT in BN tion in
-3935 8 None  T6.775-15.75=1.025° "2520.5 ~ -%i.0  3500.
0.3095 & None  T7.05-T6.2750.T75° 1905.7 33 566 (2)
0.6647 ¢  Alundum  78.82-T7.25s1.57° 3860.6 =36 = 3196:6 (3)
0.4550 g Alpb'g;too 79.05-T7.90=1,08*  2655.7 -32 3203.6
0.4584 g  Asbestos  79.75-78.61=1.14°  2803.3 ~38 33514
0.8539 ¢  Asbestos  78.39-T76.33=2.06°  5065.5 =45 32664
0.,5962 g  Asbestos  TT.91-T6.45s1.46°  3390.1 k5 3%03.5
0.467T @  Asbestos  TB.27-T76.90=1.3T° 3368.8 -3 3961 (¥)
0.5259 Porcelein  79.65-T8.43=1.22°  2999.98 -38 3129 (5)
0.7416 g m:: 73.25=T1.3521.90°  U6T2.1 -30 WTT.6
Average of accepted results 3320.0 cal/g
NOTES: '

1. Rejected: stainless stesl cup melted by heat of reection. Some of
the cap probably burned.

2. Rejected: same reasons as above.

3. Rejected: Appearance of inocomplete combustion.

4, Rejected: side of cup attacked and partly consumed.

S. Rejected: Crucible broken by hest. Suspect inocomplete combustion.
Alundum csmsnt would probebly endure the heat detter than asbestos.

Aurthermore, it has been suggested that asbestos may, in fuzing, undergo
molecular rearrangemsnts wvhich absord heat.

TABLE IV
Data developed on burning laminac-Iapersol (polymerised, solid) in 20 ADS of

oxyem Correction  Heat of Combustion
semplewt. LDt in°r Total BYU i BN in

0.6212 76.T9-73.525~3.265° 8028.4 -50.0 T135.9

0. 5084 T5.580-T2.903=2.6TT* 6562.7 -h2 TIhT.2

0.4576 T7.98-75.59=2.39°  5877.0 =50 T.0Th.5

Average T120 oal/g
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APPENDIX A
I. Chemical compositicn of Thermite Ignition Mixture
Component Parts by Wei in Percent
~ Production Batch
Barium Peroxide 4s0 L2.86%
Jet Magnesium 150 18,30
RDA 89 Megnesium 400 38.09
Leminac 4116 k9,25 4,68
mml 0. ! 2 0.
1050.00 parts 100.
II. Percent of Reactants in Thermite Ignition Mixture
Component Percent
Barium Peroxide 42.8%
Magnesium 52.4
Laminec-Lupersol 4,8
~160.0%
I1I. Specification Requirements for Ingredients used in Thermite Ignition
Mixture
Component Specification
Barium Peroxide JAN B 153 Class A
Jet Magnesium Type 3 Gran 16
RDA 89 Magnesium Type 3 Gran 17
Laminac 4116 Polyester Resin NIL-STD-708
Lupersol
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APPENDIX B
Miscellaneous Hesats of Combustion Developed in this Study

1. Thermite mixture without lsminac binder, burned under 20 atmospheres
of oxygen: A comperison among the values obtained by burning a synthetic
aixture vithout the laminac binder, a production sample with laminec from
which the experimentally determined heat of cambustion of laminac is sub-
tracted, and the thucretical heat of combustion of the thermite mixture
burned in oxygen, from vhich the experimental heat of combustion of laminac
is subtracted:

Synthetic Thermite Samples; Production Thermite Samples; Theoretical Heat of

wvithout laminac, burned vithout laminac, in Op; value Combustion of Thermite
under oxygern for laminac subtracted in oxygen; value for
lamine subtrectéd
3142.8 cal/ 3320.h cal/g 3395.7 cal/g
T W N
E o aoy el
. (1

Deviation from Theoretical +0.25% «2.5% 0.08

Miscellaneous Heats of Combustion, Bxperimsutally Dstermined
Correction Heat of Combustion

Semple Wt. Ipition Wt. D¢ in °F Total BNV in BN in cal/g |

2. 0.8752 g 0.6979 g 1.525° ITH9.9T  ~15%.07 1805.2
3. 1.4669 g 0.3313 g 1.47° 36147 - Th2,6 1087.7
b, 1.5204 g 0.86° 211k,7 - 2 762.0
5. (a) 1.2687 g 1.185°¢ 2913.9 - 27 126k ,6

. (v) 1.1028 ¢ 0.93* 2266.8 - 2 11%0.9
6. 0.0007 g 0.378 g 0.65° 1598.35 - 15 748.8

Conditions under whioch above heats of formstion were determined:

2. Thermite in oxygen, vith KC10M-CANSCOOR ignitiom aid.

3. TDerxite in argon, vithout lamimec dinder, using KC1.04-CglisCOOR
ignition aid.

k. 8yathetic sample of 85.1% a0y ~ 14.96 Ng, in argoa.

5. KC104-CER5COOH mixture [4.25:1] 1m avgm.

6. Thermite in argon using Dalp-iy igaitiom aid.
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