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EUTECTIC COMPOSITE EXPLOSIVES CONTAINING AMMONIUM N!TRATB'

M. M. Stinecipher
Los Alamos National Laboratory
University of California
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New Mexico

Jinitrate (EDD)/AN.

performance of, the eutectic of ammoniun nitrate
(AN) and the ammonium salt of }),5-dinitro-
1,2,4-trlazole. We found that this AN formulz-
tion was unusual {n that it performed idecally at
small diameter, which indicated that it was a
monomolecular explosivae.
cluded type 12 impact, Henkin thermal and wedge
tests, and performance tests
itick/plate dent, cylinder, and aquarium tesrs.
Pesulte were nompared with calculationa, standard
sxplosives, and anuther euteactic, ethylenediamine

We have prepared, and studied the sensitivity and '
i

Sensitivity tests in-

included rate

I. INTRODUCTION

Monomalecular explosives are.
limited in amount o! energy that can
be bullt intdo the mnlecule without |t
becoming too unatable to use. licw-
ever, if z2l]l the oxygen does not have
to te in the same molecule, a3 more
stable combdbination of oxidizer and
fuel-rich explosive can achieve the
anerqy of a (0ar-dalanced exploaiva.
Until recently, it had been thougqht
(1) that a olid solution would be
necesnsary for an oxidizer and fuel to
behave as one crapound in the detona-
tion zone, However, oxperiments by
Finger (2) and co-workers at Lawrence
Livermore National Laboratory (LLNL)
showedd that when the particle gl e of
the oxidizer waa less than 5 .a (for
example, a compusite of qround parti:
Cles of ammoniun perchlorate suspended
in yelled nitromethane} then the oxi-
dizer reacts completely in the Jetona-
tion zone, as show.: by the ncaling he-
tween 2.54- and 5.v4-cm-dlan cylinder
testa. McGuire ()) found that iso-
topic mixing dvring detonation ia a
monomoleacular oxplosive was random.
But in thae case of a componsita, Anatol
4:;’-labelcd azmonium nitcate (AN)/-

the isntofe ratio in the products
indicatnd that oniy a 0.6 .m layar of
tha AN particles combined with the

atoms of TNT in the detonaticrn zone
betore the pro-iuctn were f{rozen out
()J). Thease two experimenty ahow that
it the particlz si1ze «f the oxidizer
{3 less than ~bout 1 @, 3 solid sole-
tion w:ll not e necesinary to qet cua-
Plete reaction ::. the .detonatinn zone,

ARS8t and Hershrowit2z found that
cosolidification nt AN with other
amine nitratcn increanad the par%ici-
pation of AN 1n the .le*onat)on They
found *he eutentic af AN with ethy'-
enediamine dinitrate ¥00) espacialle
intereatinl Secaute 1t* 2elting poins
at 10)%C would sace 1t 3 ymaetul
CAntINng Matr.X 13, 7,5, Thev tound
fome 13 rovement 1n the amount of AN
reacting a1 the letoratran zone, Lut
their exiterimenzt wi2h I'CD/AN at
Picatinny Araenal ‘now ).5. Army Atma-
ment Researcly an) Zevelopsent Jommand,
ARRADCOM) were li:aited to amall Jdiam-
eter detonatiun velonities (D). They
did not <ome cloae to ralculaved
valuen ‘£ D at thuse Jdiameters.

At the rame tize at Los Alamow
National Laboratory, we began to stuly
the s#utectics ~f AN wiih the azmoniuis
gsalts uf nitroheteroc,cles. Cne of
thase, the eutectic of AN with the am-
monium Ralt of },5-dinitro=-1,.,.4-
triazolu 1ADNT) was atable ag a2 welt
from 1id to 109, and needed onivy
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two molea Oof AN per mole of ADNT to be
COj-balanced. Because the CO;-
formulation wam not far from eutectic
foraulation, 1.38/1 molar ratio AN/-
ADNT, all of the AN could be dissolved
in the eutectic melt by heating to
1239C (7). We have studied the per-
formance of the eutectic and 2/1 molar
retio AN/ADNT, compared thes~ results
with calculated results and compared
our results with those Akst has ob-
tained for eutectic EDD/AN (8).

II. MATERIAL FREPARATION

Preparation of ADNT

We have modified the method of
preparatiocon of ADNT reported bv the
Soviets (9), easpecially the method of
isolation. The following is a sample
syrtheais and isclation.

A solution of 3,5-dimino-
1,2,4,- triazole (Aldrich) (30.0 g,
0.) mol) In 0.68 M sulfuric acid (l.1
/v 1.5 mol H*) was added dropwise
over ) hours to a solution of sodium
nitecite (200 g, 2.9 mol) in water (200
ml' while keepiiin tho reaction mixture
at 09C with an alcohol-ic- bath.

After addition was complcce, the re-
action vas heated to 60°C and was

he!d there for one hour until all pre-
cipitate had dissolved. Then the
reaction mixture wvas cooled again to
09C, and acidified with 6 M sulfuric
acid (100 al, 1.2 mol H*). Thin

step converted the excess rodium ni-
trite to nitrous acid. Urea (15 g,
0.25 mol) was added slowly (foaming)
to rnamove any remaining oxides of ni-
trogean from solution. The completed
reaction maixture had a amall amount of
orande precipitate that vas removed by
addition of decolorizirg carbon and
(ileration. Analy3sis of the filtrate
by ultravioiet npecrroscupy at 285 nm
snowed a 90V yierld of 3,5-dinitro-
1,2,4-triazole (DONT).

The stronqly 1icidic character of
DNT (-0.68 pKa) (10) made extractiorn
with the usual organic solvents impos-
sible. It can be extracted by the
continucus method with ethyl ether,
but the flammability of ether made
another method neceasary for large-
scale ‘eactiona., We found that &
toluere solution (20%) of water-
insoluble secondary or tertiary amines
extracted the DNT from the aqucous
reac:ion mixture (l11). Ammonia gas
bubbled into the dried orqganic phase
regrnerated the amine and precipitated
the drsired ammonium walt, ADNT. Re-
crystallization in 90/10 volume ratin
ethyl acetate/acetone and dryling aver

Drierite in vacuum gave pure ADNT (35
g, 0.2 mol, 67% yield) with a aelting
point of 168-170°9C. The yleld was
improved by a second ex:raction of the
aquenuys reaction mixture. ADNT forms
a dihydrate at relative humidities
over )5%. The amines used wern terti-
ary amines: Alamines 304 and 236
(General Mill Cheaicals, Inc.) and a
secondary amine: Amberlite (Rohm and
Haas Co.). The molar amount of amine
uscd vas equal to the amount of the
DNT in the solution as measured by uv
spectroscopy. The regenerated amine
solution was reused after washing with
vater.

Preparation of Amine Nitrates

We prepared EDD and other ali-
phatic amine nitrates by dissolving
the ani1ne in 10% aqueous methanol and
adding :7/50 by volume concentrated
nitriec acid/water dropvise while
cooling with an ice bath to keep the
temperature at ambient or below. Af-
ter nedtralization wias complete, the
preipitated nitrate salt was fi1l-
terrd, wished well with methanol, 1Ind
recrystallized from water,/metninol.

Preparaticn nf AN/ADNT Mizxes

Dry AN and ADNT (overnight in a
vacuum :lrsiccator over Drierite) wer:
nixed and melted in 3 beaker heated v
2 heating bath or 3 heating block wi%n
A temperature hetween (20 and .)5°C
until a clear, molten solution wag no-
tained. f a3 alurry of another «xplo-
sive or additive was lesired, 1t was
adied ard mixed until Jniform. The
mixture was poured and spread cnto a
thin sheet on Teflon., While cooling,
the sheet went through 3 pliable ataqe
ty A brittle atyge. The cooled sheet
was arnund and pressed at 60 o
10090 under vacuum into cylindrical
chatqes.

I1I. TESTING METUHODS

Senmitivi®y Tesats

Mixtures were tested for safety
by finding 1apact and thermal sensiti-
vities. The wedqe tast gave addi-
tional information on initiation.

impact sensitivity wam f{ound on
an FRL-type machine equipped vith type
12 tuale and a alicrophane for soand
analymia. A 40 o9 nample heraped on a
gquars df sandpaper was placed under
an anvil and a 2.5 kg welght was drop-
pad onto the anvil, No sandpaper in
uned for type (JR. An arbitrary leve,
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of sound indicated a "go." The 50\
*“go” height was determined by the
Bruceton Up and Down method (12).

The thermal sensitivity wes !
measured by the modified Henkin method -
as developed by Rogers (1J) and
Jannsy. A thin slab of explosive was
confined in a cartridge, placed in a
teaperature controlled bath of Wood's
metal, and timed until explosion. The
tenperature below which it will not
explode is the critical temperature.

The wadge test, a meaaure of
distance of run of a shock before det-
onation atarts in an explosive, was
done at Los Alamos by the Detonation
Physics group (id) on 109-angle
sini-wedges macnined from 2.54-cm-rdiam
pressed cylinders. Three preasures
were used to find the relationship of
the run to detonation, X*, to the
pressure input.

Performance Tests

The detonation velocity was
measured by two qroups at Los Alamos.
The method used by the Detonation
Physics qroup has been described by
Engelke (15)); it is very accurate. '
The Los Alamos Explosives Technology
group's method follows.

Ionization awitches made of
polyamide-insulated, four-mil copper
wire were placed about 2.54 ma apart
between the charqes. The passaqge of
the ionized detonation wave trigqered
a timer, accurate to ¢ 10 nano-
seconds. We used a stack of sin 2.54-
ca-diam charyes held tightly in place
on a 9.080-ca-thick steel plate with
tapa. The dent was measurad by a ball
and rinqg method. Plate dents of the
standard explosives have heen cour-
related Dy USmith (16) and Urizar. Por
this 2.54=ca~diam unconfined plate
dent test, a (actnr of 5.68 multiplied
by the dent (mm) gave the detanatinn
pressure (GPa).

Cylinder tests were done by Lhe
Los Alamos Detonation Physics yroup.
The samples were fired in a 2.54-cm= !
inner-dian by J0.48-cma-lonq copper :
tube or a 3.08-cm-inner diam by
60.96-cm~long copper tube. A streak
camera rocorded the expaniion of the
copper at a alit 20.)2 cm down the’
tube and appropriateiy scalend in the
2.08-cm tube. The time versus expan-
sion data were analyzed by fitting a
pover curve thcough )0 points sur-
rounding the 6-, 19-, and JO-mm points
of expansicn and by finding the firat
differential for velocity and the sec-
ond differentisl fnr acceleration at

each point (8). Energy of the expan-
sion was compared to TNT by dividing
tke square of the velocity by the
square of the velocity of TNT at the
same expansion.

The aquarium test to compare the
shock wave in water to vhat would be
calculated was fired at Los Alamos by
the Detonation Phyaics group with cal-
culations done by the Detonation
Theory and Application group (17).

The heat of detonation and prod-
ucts wvere determined in the caloari-
meter at LLNL ss described by Ornelilas
(18).

Iv. RESULTS
Sensitivity

We found that the impact and
thermal ~enasitivit!es showed AN/ADNT
and EDD/AN eytecticd 0 be soderate.s
insenaizive a=) 1afe 3r mus: pro-
cesses, 3ee Table | ?o5r a comparisen
of the tormulations tested w:2h stani-
ard eaplnaives., Note 2he critical
temperature o! AN/ADNT with =itro-
guanidine (NQl, which 13 higher than
either AN/ADNT nr NQ.

The wedqe test ahowed that the
shock “#nsitiviLy crosases the value >f
Composi.ion B 1t a pressure of 6.4
GPa, dut ! ~ca.se the silope 13 i f-
ferent, 1t wi.l have 3 ionger run a°
lower shocks and a nhorter fun at
higher ihoczn it sxtrapolates to
very saall ru=s td Jetonaticn at 1.5
GPa. .Tible . and F:igqure V).

Performance

'aiti1al pliate dent tests on AN/-
ADNT 31sturery were Jone 1n 1|, 27<cAa=-
diwm recause f =hs limited nJpplv =t
ADNT :Tahle ''. We were Byrprized
that ‘:rauiation vontaining almsoat 500
AN nunstained !wtynation 1n 2 l.J7-cm-
diam charqe that wan unconfined and
gave a 20d ‘ent., Tre pregsure de-
tived f:um lents wvas compared to that
calculated by U. [,. Mrdar of Los
Alamos vith the BKW Rydrodynasics com-
piiter code (1V. The 1.27-ca >12¢ was
close 2 the failure Alamater (one
failed at hija lenaiy) a0 sudbsequenz
tosts were peorformed n 2.54-cm-diar
charges.
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TABLE |
Sensitivity Tests
Material Impact Sensitivity Critical Temperature

{molar ratlios) Type 12(cm) 12B (cm) Henkin (©C)
ADNT 58 96 225
ADNT 2H20 224 >3320 ---
AN > 320 »320 361
1.38/1=-AN/ADNT 66 kA 236
2/1-AN/ADNT 65 6% 241
2/1/1.3=AN/ADNT/TATB 259 270 236
1.38/1/1.54=-AN/ADNT/RDX 17 10 215
5/1/1=-AN/ADNT/RDX 44 74 s19
5/1/1/3.3=AN/ADNT/RDX /Al i8 55 221
£D0 8a L5 245
2.33/1=-AN/EDD 109 15) 244
3.7/1/1-AN/ADNT/EDD 93 99 212
3/0.3/1-AN/ADNT/EDD 58 )6 227
FDEK 74 Jo 226
1.38/1/1.38-AN/ADNT/NQ 108 20 256
1.38/1/1.83-AN/ADNT/NQ 12 »3.20 261
NQ ~320 ~320 198
RDX 22 30 214
TNT 159 *320 283
whete:

AN = amnonium nitrate

ADNT = ammonium dinitrotriazoliate

EDD = ethylernediamine dinitrate

NQ = nitroguar.idine

RDX <« cyclotrimethylene trinitramine

TATB = l,,5-triamino=2,4,5-tcinltrobenzene

TNT = 1,J,5-trinitrotolunne

Al - aluminum

PDEK = 2.55/0.3/1/0,36 = AN/ADNT/EDD/ /Potassiu:a Nitrate (KN}

TABLE 2

Wedqge Test Data on 2/1 = AN-ADNT

rirse Shot Second_shot
Sensity (g/cm’) 1.640 T l.ed0
Input Pressurn (GPa) 6.9 8.9
Run to Detonation (mwm) A1 2.7
Time (us) 1.28 0.55

Third_Shot
1,640
7.8
4.3
0.90
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1
' 1 e e, " -
i

N NQ/Esiane :

/1 mol AN/ADNT

et Premars (GFe)
[

Comp B
PBX 9501

' » 0 10 W
B 15 Ongsation, X* (an)

Fig. 1

Relative Shock Sensitivities of 2/1
AN/ADNT and Othezr Fxplosives in the
Wi.dge Test.

DISTANCE {cm)

ApBx 9501 - 95/2.5/2.5 wen HMX/Estanc/-
ap
PDX 9502 - 95/5 wed TATR/Kel-F 800

Late:, plate dent tests were done
in conjunction with detonation velocity
tests on 2.54-ca-dlam charqges (Table
4). We found that the addition of
extra AN to the eutectic formulation
reduced the ayracment with the calcu-
lated values with the exception nf -the
aluminized 2/1 molac ratio AN/ADN,
wvhich performed hatter than calculated.

ATdarl i1 reat oo L/l

i ADNT PUX. e lioes are cle
An aguarium teat on the 1,3871.°1.5 A An )

. e Al LtRewy e
molar ratio AN/ADNT, RDX showed that the OB AL e
experimental snock in water was the e s st
same aa the calculated presaure profile experiTenta. a4,
(Fiqure 2).

TABLE )
ttapranfiaed 1.27 w Plate Ments
Material Density Extrapolate] P-y Calcdlated Poy
1molac_1atio; —— ig/cmd) (GPa1. (GPal
174 -AN/AONT 1.590 2%.2 5.4
1.64% 3.0 1.6
1. 3871 -AN/ADNT l.e)0 7.} 26.7
1.610 Yalled 26.7
1.38/1/1.)8-AN/ADNT/NQ 1.054 2.1 0.0
1.1871/1.5-AN/ADNT /RDR 1.708 J1.6 0.4
1.38/1/1-AN/ADNT/HMX 1.756 .2 J2.4
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TABLE 4
Unconfined 2.54-cm Rate Stick/Plate Dent Tesats
Material Density I'xper imencal Caiculated
(molar ratio) (g/cm)) Pcgldent) (GPa) D(m’s) Pry(CPa) Dim/s:
2/1=-AN/ADNT 1.640 26.1 7892+i 27.3 8268
1.J8/1/1.5-AN/ADNT/RDX 1.717 1.7 845542 0.6 8475
5/1/1-AN/ADNT/RDX 1.699 24.0 7712s1 0.4 8598
5/1/1/3.3-AN/ADNT/RDX/Al 1.752 25.0 77]9:10 9.1 822)
2/1/3.66-AN/ADNT/AL 1.734 26.) 7844 25.1 7680
2/1/1.3~AN/ADNT/TATB 1.765 28.) 78431 -8.0 6013
1.38/1/1.)8-AN/ADNT/NQ 1.65% 26.4 cmeme= 3.0 alos
1.8/1/1.8)-AN/ADNT/NQ 1.654 25.5 dle0 -6.8 4197
3/1/1-AN/ADNT/EDD 1.607 24.2 To6dsl 27.4 4287
31/70.3/1-AN/ADNT/EDD 1.53% 20.8 e 1.0 7879
The cylinder tests showsd that the Wiih desonation calogimetry we
ability to push matal of the eutestic found tnat the heat of Jdetonazion and
explosives was better than T™T (Table the products of 271 molar ratin A?--
). Thase tests showed the effect of ADNT wer® wnat wou'd be expected 7@ 2
diameter on the ehavior of inter- monomoleciilar -ompound (Table ») f(r~® 3
molecular expinsives. Crmpacison with BKWR Tiqer calculaticn at freeze-out
the EDD/AN 5.08-cm and 10.14-ca cylin- temperatures of 13009K and 13007K.

der tests showed theic similarity in
g rformance.

TARIE §
“rlimler Teate
B4 38 (Y LI At-Alep Al o ! * g aa’
LA ref Agteer YRECAT YT STOUIEUE o m TR STV H]
censity (e/em’s 1.4l 1.3 tem 1. L 1.0t ETTY 1.3% Y
net, Yol, (wel ¢, 948 ‘eel caen *ann 12 L) regn *ale *are
Cylindar Wall
Yelugtity 10m, 0! -
al t am 1.2) 1.0 1. LA | 1.27 Lt 1.1 .t |
10 mm 1.1 1.19 1.°1 1.11 . HY L 1.h 1.4% sl
10 o l.48 1.3) (1P RAL] 1.8l 1.%2 Lated e l? 1.% 1.%1
Cylinder Fnariy
Pelative to ™Y
vired ve
al 6w 1.00 1.1¢ t,29 1.4 1.7° e 1.8 L 1.
19 sm 1.08 1.11 tie 1.8 1.9% 1.:1 1.°% H 1.11
10 =m 1.00 1.10 . 1ad 1.22 1.90 1.1l 1.21 1.6 1.10
Ih 5. Axat (01
re anslon 1@ 1hee MIAL wad ot flimed. T™ia nsher wad jroleciel lv averaris) the sriarainn eresent
of ASNT, DO, and the 10 s FCO-AY ryliwlere,
2 UADMT L the 2/1 milar ratilu ol 17.6/8).1 wel AL ralast Prol ir®
AN/ADNT/AL 1o the 2/1,2,08 mnlar ratin of 19,2 11.2°17.4 wor W ratis minlyre
rOOCAN le 1/72.1) molar rotio ar 32 %) w=l At Fotit sjatale
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TABLE 6

The Detonation Calorimetry Test of 2/1=AN/ADMT

Denaity was 1.639 q/cmj
-aH detonation (cal/qg)
Products (mol/mol IF)

H,0 1.78
.47

n, 1

0.59
Co2
n, 0.0096
co 0,0092
b o] n_.2011
HH] 0.0006
Hey n,9005%

!xgsrlmental
121312

Calculations (LLNL)
1263240 (from products)

BKWR CJ Isentrope |

1.77 1.78
1.49 1.4

a Ly 7.%9
1.1012 17.002%
1,2781 ).00AS
n

1. 3308 Y.0l0
n )

v. 0ISCUSS ION

Moat explosives containing AN
have larqe critical diameters and oven
larqer {deal diamsters. Por enample,
50/30 AN/TNT (denmity of 1.3) 7-cad)
has a critical diamater of 1.5
where D is 4570 m/1 and an ileal Jdiam-
etar aof 1) cm wherte D 19 6300 a'n,

The particle nite, the density, and
the deqrre of confinement u(frcs the
two diameters (l8). amphell snd
Engalke (13) reported the slawing of D
as the diameter of the explosive ap-
proached the critical diameter. The
amgunt of curvat.ire is characteristic
of the explosive, :nfluenced by the
reaction 20ne lenyth.

The behavior of e-itectic AN/ADNT
is Jifferent brcaune tre critical gi1=-
ameter s about 1l ca :nd the (dey]l j-
ameter abnut 2.54 c¢m. (D of uncon-
fined rate atick and conflined <y71lindag
test of 2/1-AN/ADNT ..te the same) 3ne
Table ) and 4.) D is about what wnuld
be expncted from calculatinn (19)
(Table J).

This umall :f=al lamete: 13 nos
found 1n avery ratecic, Ag3L - 3) has
found that therr wasg cnaiderazie Jif-
ference n D ot EDD/AN " ntfined acz
2.94-ca-d1am, »°00 m/n, nd a: J.l4~
ca-rtiigm. ~110 = 1. We *gva s vepared
the part.cle a12e nf ~3¢n wutegie by
SCANN1ING ejecer~n AlcrNISOPY and tiny
that the AN particles 1n EDD/AN have )
width af yvut 3 m whereasn The AN
particles ia AN ADNT eutect:.c average
=) .m. A7 the rit10 *f AN/ADNT gotn
further f:om rutectic fo7mulat:on, *%e
pactticle 11ze of AN Increanes 2 the
sape n1z a3 the AN 1 EDD/AN,

Annther difference in the prop-
ettien 3t "he tw) surectics wtJdrs 10
the heat it formaticn. ADNT hRas o
more ponitive hear of formatina, J.6
2 wcal/mnl, than KID, -19%96.! kcal -
moi. Tha: jives AN'ADNT 3ore chemical
enerny t» releane diric3 latonssiion,
1.10 kel 7 varaus 2.4% aevl g for ey-
tegtic DD AN (water as jash.

Me Nave not devermined which
gactasr 11 10fe 1zporzant r wieilher
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there is some other factor, wvhich is
1ot obvious now, that makes the dif-
ference. There are projects in pro-
gress to find ways to decrease the
particle size of the AN in EDD,/AN mix-
tures and search for other explosives
that form eutectics with AN that would
have different heats of formation.

Another way to increase the
temperature in the detonation zone is
to add aluminum me%al powder. This
should help increase the ideality of
the performance because the tempera-
ture of the detonation affects the
layer thickness of a particle of AN
that will react in the detonation zone
(19). We see that this is the case
wvhen going from the aixture 5/1/1
solar ratio AN/ADNT/RDX to one con-
taining aluminum, 5/1/1/).) molar
ratio AN/ADNT,'RDX/Al. The detonation
velocity increased from 90% vo 940\ of
the calculated value. Addition of
aluminum to 271 molar ratio AN/ADNT
inccrased D from 95V to 102% of the
calculated value. We tested the lat-
ter composition 1n the 2.54-na-diam
cylinder tesr. We found, 13 idid
Pinger (20) and Bjarnholt (21}, that
aluminum b~haves as an inert in the
sarly part of the expanainn (6 mm) but
keeps tha wall accelerating even at )0
mn. The wall velocity is almoat as
fast at 19 mm and is faster than the
projected value of the 271 molar ratin
AN/ADNT at )0 am (Table 4). The pro-
jected value was determined by .aver-
a3ing the incresantn of the other cyl-
inde: testas that have D almoat aq cal-
culated. The tests with D congli.jar-
ably leas than ralculated Showed a
higher increasne in wall valocity from
19 t2 30 ma than those with D close ty
calculated.

We have discussed ideali%; as
the ability of an intermolucular ex-
plosive to follow calculatnd perf-ra-
ance as do the monomolecuir explo-
sives that were used tn calibrate the
calciilations. tn the BKW calculations
the aqreement i3 not too good unleas
the ratios of the elements making up
the nev explosive are almont the same
as {n the model compound, RDX. Many
of the intersolecular axplon.ves have
a much higher rat10o of hydrtogen to
carbon than does RDX 120 they probably
wouid not fit the calculation as
well. For exampla, the RDX has C/H/0
atom ratio 1/2/2 and 1.)8/1 AN/AUNT
has C/H,’0 atom ratino 1/74.7673.07 but
2.))/1 molar ratio AN/EDD has C,/11/0
atom ratio 1/9.64.°6.48.

Another way to look at ideality
is by measuring the detonation prod-
ucts and comparing the result with
what would be expected for complete
reaction before freeze~-out. The deto-
nation calorimetry experiment (Table
6) showed that the products from the
detonation of 2/]1 molar ratio AN/ADNT,
the COz-balanced intermolecular for-
mulation, were what was ezpected. The
oxygen from the AN has been used by
the C or CO from the ADNT to form
CO2 almost exclusively. The recov-
ery of the products was excellent be-
cause there were no 80iid products.
There is definitely complete reactiorn
in this case before freesze-out ot *he
produczs.

As we Study these eutectic
syatemas and find others, we will bet-
ter understand zhe pariseters that ar-
fect the reactinsns between molecules
in the detonation zone.
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