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ABSTRACT

2,4,6-tris(3,5-diamino- 2,4,6-trinitrophenylamino)-1,3,5-triazineor PL-1 can
be synthesi zed by amination of 2,4,6-tris(3,5-dichloro-2,4,6-trinitrophenyl
amino)-1,3,5-triazine which, in turn, was prepared from condensation of
cyanuric chlorideand 3,5-dichloroaniline followed by nitration with mixed
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acid. PL-1 hasconsiderably low hydrogen and high nitrogen content which
can beintroduced as good thermally stable explosive. The purpose of this
work is to study theoretically some aspects of performance and thermo-
chemical propertiesaswell as sensitivity of PL-1. Theresultswill be com-
pared to reported measured values of TATB as a well-known thermally

stable explosive.

INTRODUCTION

Thereiscontinuousresearch purposesto develop
new energetic material swith higher performanceand
enhanced insengtivity to thermal or shocksinsultsthan
the existing onesin order to meet the requirements of
futuremilitary and space applications. 2,4,6-Tris (3,5
diamino- 2,4,6-trinitrophenylamino)-1,3,5-triazine or
PL-1isoneof theinterestingthermally stableexplo-
sives, whichwasrecently synthesized™.

Thispaper predicts somefeatures of performance,
shock sensitivity and thermochemical properties of
PL-1. New methodswill be used to study of mentioned
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properties. Detonation pressureand temperatureaswell
as heat of detonation and gas phase heat of formation
of PL-1will bedetermined. Findly, shock sengtivity of
PL-1 based on small-scaewill bestudied. Theresults
will bealso compared withthat of TATB.

Synthesisof PL-1

Bapat and coworkers’™ synthesized PL-1by
amination of 2,4,6-trig(3,5-dichloro-2,4,6-trinitrophenyl
amino)-1,3,5-triazinewhich, inturn, was prepared from
condensation of cyanuric chloride and 3,5-dichloro
anilinefollowed by nitrationwithmixed acid. Itsyiddis
50% and hasadensity of 2.02g/cm?®. It has consider-
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ably low hydrogen and high nitrogen content, and has
good heat res stancewith decomposition temperature
335°C (DTA 10°C/min).

Detonation pressure

Predicting of the performance of new energetic
materiasisvery important to chemist becausethe cal-
cul ated detonation properties of anotiona energetic
compound are recogni zed to be cost-effective, envi-
ronmentally-desirableand time-savinginthedecison
to whether it isworth the effort to attempt anew or
complex synthesis. The pressure associated with the
state of complete reaction isan important parameter
that has been regarded as principal measures of per-
formance of detonating explosive for many years.
Chapman and Jouguet (C-J) introduced asimple ex-
planation of detonation sothat asthe shock compresses
thematerid, thechemical reactiontakesplaceinganta-
neoudly. It isreasonableto expect the cal culated and
experimental C-Jpressuresto differ by 10to 20% be-
cause the nonsteady-state nature of the detonation
wave?, The C-Jpressurecan becoupledwiththeadia
batic (gamma) exponent, i.e. theinitial pressure-vol-
ume slopein theisentropic expansion of detonation
products front the C-J state, to use an index of
explosive’s ability to accelerate metal®®.

To caculate detonation pressure, condensed phase
heat of formation of PL-1 would be needed. The new
empirical method can be used to predict condensed
phase hest of formation of PL-1 viaitsmolecular Sruc-

Physical CHEMISTRY o

ture, which gives 27.2 kcal/mol™. Predicted heat of
formation of PL-1 was used to determineits detona-
tion pressure. Cal culated detonation pressurefor PL-1
is 307 kbart®, which is close to measured value of
TATB, i.e. 310 kbarl®.

Detonation temperature

Detonation temperature with the other detonation
parametersof anotiona explosve compoundisrecog-
nized to be cost-effective and time-saving in the deci-
sontowhether itisworththeeffort to attempt anew or
complex synthesis. It isone of the detonation param-
eterswith least information inthe C-Jstatewhichis
measured experimentaly from the brightnessof thedeto-
nation front asit proceeds toward detector. Its mea-
surement isdifficult and isusualy doneby the bright-
ness of the detonation front interacting with adetector
with absol ute accuracies estimated to be+100 K for
liquid explosvesand+200 K for solid explosives. Since
itisnot known how muchitisabsorbed from detona-
tion products by the shocked and partially decomposed
explosive between the detector and theend of there-
action zone, thereissome uncertainty for determination
of radiation inmeasurement of detonation temperature.
Dengity discontinuitiesfreesystem such asaliquidor a
snglecrystd isto beussful for measurement of thedeto-
nation temperature. Thismay bettributed to any voids
or density discontinuitieswhich can lead to measure-
ments of the brightness of the shocked air or shocked
detonation products rather than the C-J detonation
products.

Detonation temperature can be cal culated through
four decomposition pathways”. Cal cul ated detonation
temperature for PL-1 and TATB are 3467 and 4000
K, respectivelyl. As seen, detonation temperature of
PL-1islessthan TATB, which can beattributed to high
nitrogen and low oxygen contentsof PL-1 with respect
toTATB.

Heat of detonation

Detonation calorimetry allowsthe experimental
eval uation and some recent methods can a so be used
to compute the heat of detonation>¢1°, Experimental
or calculated heats of formationi*1+2 can be used to
evauatetheentha py change of detonationreaction. A
positive heat of formation isfavorablefor an energetic
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material becausethisleadsto agreater release of en-
ergy upon detonation. If the heat of formation of an
explosiveisknown, then using the standard heats of
formation of assumed detonation productswill lead to
predict itsheat of detonation.

New decomposition reaction for PL-1 was used
to predict heat of detonation. Cal cul ated heat of deto-
nationfor PL-1is2.5kJgwhichiscloseto measured
heat of detonation of TATB, i.e. 3.06 kJ/g®.

Gasphaseheat of for mation

Gas phase heat of formation can used asto mea-
sure of energy content of an energetic materia. Group
additivity methods and quantum mechanics aretwo
broadly methodsfor cal cul ation gas phase heet of for-
mation. Cal cul ate gas phase heat of formation can be
combined with hests of vaporization and sublimationto
obtain condensed phase heat of formation. Group ad-
ditivity methodscommonly can be used to estimatether-
mochemical quantitiesof variousorganic moleculesso
that the propertiesof themol eculescan bederived from
atomsor functiona groupsfrom whichthey aremade.
Quantum mechanical methods can beusedto develop
new a gorithmstogether with continuing improvement
incomputer processing to understand molecular prob-
lemswithmuchmorerdiability. Two new methodswere
also introduced to predict gas phase heat of formation
for aromatic and non-aromatic energetic com-
pounds*3*4, Since both PL-1 and TATB are aromat-
ics, we can usethe new method to determinetheir gas
phase heat of formation. Cal culated gas phase heat of
formation of PL-1 (225 kcal/mal) ishigher than TATB
(40 kcal/moal)*, which can beattributed to the exist-
enceof four aromaticringsin PL-1.

Shock sensitivity

Different gap testscan beused to quditatively mea-
suretheshock waveamplituderequiredtoinitiate deto-
nation in explosives, e.g. a Naval Surface Warfare
Center (NSWC) and LosAlamos National Labora-
tory (LANL). A standard small scal e gap test!*™ is of -
ten used to measure shock sengitivity. It wasrecently
foundthat samdl scaegaptest canbepredicted by smple
method. Thismethod can determine shock sensitivity
based on small scale gap test asthe pressurerequired
toinitiate material pressed to 90%, 95% and 98% of
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theoretical maximum density*®l. Cal cul ated shock sen-
sitivitiesfor PL-1 are P, =86.6 kbar, P,.=132.9 kbar
and P,=168.3 kbar, where P,, P, and P, are the
pressureinkbar required toinitiatemateria pressedto
90%, 95% and 99% theoretical maximum density, re-
spectively. Predicted resultsare closeto reported val -
uesfor TATB, i.e. P,=70.38 kbar, P,.=121.92 kbar

1795
and P,,=164.86 kbart7.
CONCLUSIONS

Detonation pressure can beregarded asanimpor-
tant detonation parameter to determine detonati on per-
formance. Explosveswith higher density arepreferred
for warheads becauseits higher detonation pressure
and compactness of warheads used in missiles and
ammunitions. Themainaim of thiswork wasto study
someaspectsof performance, thermchemica and shock
sengtivity of PL-1 asanew thermdly stableexplosive.
Cd culated detonation temperature of PL-1islower than
TATB, whichisone of theadvantage of PL-1 withre-
spect to TATB for some gpplicationswherelower deto-
nation temperatureisrequired. Moreover, cal culated
gasphasehest of formation of PL-1ishigher than TATB,
which showshigher energy content of PL-1ingaseous
stateascompared to TATB.
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