AD-A215 063

UG L A A -ons-o8

A PRELIMINARY ASSESSMENT OF NTO AS AN
INSENSITIVE HIGH EXPLOSIVE @

R.J. SPEAR, C. N. LOUEY AND M. G. WOLFSON

ELECTE w9
S DECO 41989 :

APPROVED

FOR PUBLIC RELVASH

\lAll*RlAh RESE \I\(H LABO I\\l I

- DSTO

- “‘{_ P‘Nuﬂﬁa"e Cov.




A PRELIMINARY ASSESSMENT OF
3-NITRO-1,2,4-TRIAZOL-65-ONE (NTO) AS AN INSENSITIVE HIGH EXPLOSIVE

R.J. Speuar, C.N. Louey
and M.G Walfaon

MRL Technical Leport
MRL-TR-89-18

ABSTRACT

-
A simple two-step method to produce NT1Q in high yield from semicarbazide

hydrechloride has been defined. A free-flowing material with bulk densityd resr .

0.9 g/ml har been producc.d by stirrad aqueous recrystallisation; surfactants
were ineffectivc in altering cryscal habit, Impact sensitiveness of NTO was
higher than expected «1thuugh apparent propagation ability is low,

Ignitability under thermal and electrostatic stimuli is substantially lower than
RDX Experimental firings were conducted to assess explosive performance
for charges pressed to about 80 %TMD; velocity of detonation at 12.7 mm
and ;5.9 mm diameter was determined while detonation pressure (plate dent)
and critical diameoter were estimated. Performance at these dinmeters is
somewhat lower than RDX. Moulding powders for 95:5 NTO/binder
formulations were prepared from three commercial EVA resins and a flame
retardant polyphosphazene. All three NTO/EVA formulations were
ineansitive Lo impact. Recommendations for continuing studies on insensitive
booster formulations have been made.
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A PRELIMINARY ASSESSMENT OF
3-NITRO-1,2,4-TRIAZOL-5-ONE (NTO) AS AN INSENSITIVE HIGH EXPLOSIVE

1. INTRODUCTION

Over the past decade the military Services of the Western nations have increasingly moved
toward adopting policies requiring munitions to be insensitive (invulnerable) to unplanned
hazardous stimuli. Foremost in this regard has been the United States Navy (USN), which
has a clear policy that all on-board munitions wiil be insensitive by 1995 {1, 2]. While the
attainment of insensitivity criteria will require a number of factors to be addressed such as

system design, mitigation devices and storage configurations, a key component is decreased
sensitivity of the explosive fillings.

Two principal approaches have been used to decreasc the sensitivity of explosive
fillings while maintaining {or in some cases enhancing) performance.

i The use of cast-cured polymer bonded explosives (PBXs) formulated from
high performance explosives such as RDX and HMX and a rubbery or
thermop!astic polymer binder [3]. PBX main charges typically exhibit
substantially reduced vulnerability to hazardous stimuli, and in many

weaons systems permit attainment of technical requirements for
insens:itive munitions (IM) (4],

The use of very insensitive explosives such as 1,3,5-triamino-2,4,6
trinitrobenzene (TATR), eit) or #'one or with other explosives such as
RDX, in combination with # ity of palymeric binder.  The
insensitive explosive modifies th. cheage hozard respors. to achiove the
desired dogree o invulnerability.

T

As yet the Ausiraiinn Services have not adepted an official policy on IM,
although it is currently under active considerntian [51. Techuology base R & D on
insensitive explosive fillings is being carried out at MRL principally on cast-cured PiXs for
warheads and pressed PBXs for fuze boosters, but also in other arecs such as loss sensitive

melt cast TNT formulations. A wide mnge of polymeric binders, esplasive fillers and
formulation methods are being examined.




One candidate insensitive high explosive filler is B-nitro—l,2,4—triazol—5—ong
(NTO). NTO was first reported in 1905 (8] from nitration of 1,2,4-triazol-5-one (TO).
There was renewed interest in NTO in the mid-late 1960s |7-9], but none of these nor
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subsequent chemical studies [10] appear to be directed to explosives. It was not till 1985
that Coburn and Lee (11] published the first study on NTO as an explosive. However, as
early as 1980 it was known that the French were working on a "new insensitive high
explosive”, which was subsequently revealed in 1987 to be NTO {12, 13]. During a visit by
one of the authors (RJS) to the UK in late 1986 it was suggested that the French were
marketing an HMX/NTO/binder cast-cured PBX; certainly formulations of this type are
covered by the patent [12] and the ICT technical presentation [13). The US also recently
developed an NTO based insensitive formulation [14], and some additionsl information was
gained during a visit by Mr M.A. Parry of MRL to the US in mid-1988.

NTO should have good potential for Australian use since it can be produced in a
simple two-step process from readily available starting mazerials. In addition, a future
weapons system considered for Australian procurement could have an NTQO based warhead
filling. As part of the technology base R & D on explosives, it was decided to undertake a
preliminary assessment of NTO, which forms the basis of this report. The subjects
addressed were preparation of NTO in good yield in & form suitable for formulation,
characterisation of sensitiveness and thermal properties, a limited assessment of explosive
performance and preparation of some NTO-based PBXs. Recommendations on continuing
evaluation as part of our insensitive munitions tasking are made.

2. PREPARATION COF NTO

Manchot and Noll 18] prepared NTY by reaction of 1,2,4-triazel-5-one (TO) and fuming
nitric acid, although few specific details were given. Kriger et al [9] used this earlier
procedure, with TO (1.31 @) being treated _-ith fuming nitric acid (3-6 ml) iaitially with
cooling and subsequently at room temperatui v, a yield of 759 (based on TO) was claimed.
Gehlen and Schmidt {7] also ysed the Manchot end Noll (6] method although no delails were
given, but Chipen et al [8) report that this gave only carbonization. Their optimum method
was TO (10 g, fuming nitric acid (156 mD and water (8 ml), heated tiil reaction commenced

N A S A e € T A e e i i N i e Mt b S bk maaneAn e e e et S8 L oot

* XManchot and Noll [6] incorrectly attributed NTO to be the hydroxy tautomer
s-hydroxy-3-nitro-1,2,¢-triazole.
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as noted by vigorous evolution of NZO , then removing from the heat source to give 10.4 g
(67.5% yield). Katritzky and Ogretir ?15] reported nitration of TO with mixed conc.
sulfuric-nitric acids (3:1) but yields of NTO were low (32%). Lee et al (11} prepared NTO
by nitration of TO with conc. nitric acid and claimed a yield of 82.6% based on TO, A
summary of these various preparations is shown below in Scheme 1.

NTO

A

fuming HNO3,
[6] yield?
NTO .
NTO
fuming HNO,, 4*“‘103/:20
with initial cooling (8] €7.5%
[9] 75%
A conc HNQO;.
(11} 82.6%
conc. HNOy/conc. H,SO,,
/- [15]) 32%
NTO
NTO

Scheme 1. Published methods for preparation of NTO from TO

One major aim of this study was 1o identify, using scheme 1 as a starting point,
experimental conditions for preparation of NTQ in high yicld and purity.  This required
firstly ¢ decision on the best method for preparation of TO, which has beea roported using o
numbder of procedures including reaction of acetane semicarbarone with formic acid (8], or
semicarbazide hydrochloride ‘SO with farmic acid 18, 11] or triethylorthaformate 1151,
Chipen et al 3] conchiled frem the methods that they studied that the 5C "formic acid
procedure was the best, while Loz et al (11] also used this procedure in a one pot system,
i.e. T was not purified but v eg subeaquently nitmted to NTO which was then punificd,

it was decided, co the hasis of the above published data, to use the =7 formic
acid methad (shown below in Scheme 21, o prepare TO.  In addition, it was alsa decided o
use as 2 starting point the “one -pot’ procedure of Lee et al [111 whereby the TO was not




isolated and purified but was instead nitrated directly with conc. nitric acid using the same
reaction vessel.

0
0
/lk UNHHC .+ p—¢?  20C . 10 4+ HO + HCI
HoN N N
H
sC formic acid

Scheme 2. Preparation of TO by condensation of semicarbazide
hydrochloride (SC) and formic acid

2.1 Nitrations using Conc. Nitric Acid

The initial preparations of NTO were carried out on 1/20th of .the scale described in the
report of Lee et al [11], with only the temperature for the nitration reaction being varied.
The results of these experiments are detailed in Table 1, preps 1-10. A further two
experiments (preps 11, 12) were carried out using a smaller volume of conc. nitric acid (125
ml ¢f. 155 ml in the standard procedure). Neither the purity of the TO nor the %
conversion from the SC was determined, but each experiment was carried out on
unrecrystallised TO prepared in an identical manner.

In the first experiments (preps 1-3), the reaction vessel was heated with stirring
on a hot-plate/stirrer to a set internal temperature, then removed from the heat and placed
on a metal bench, i.e. with no external heating. This method was chosen as it appeared to
most closely resemble that described by Lee et al [11]. These few experiments identified
two variables as being very important.

i. If the reaction is heated to an excessive initial temperature (73°C,
prep 13, the internal temperature rises to well over 100°C and yield of
NTO is poor. This most likely results from either hydrolysis of NTO,
which has been shawn to occur in 51.6% H,80, at 130°C [7] and
73.3 - 93.35% H,50, at 70°C [15], or alternatively from oxidation by
the nitric acid [8).

ii. If the reaction mixture is heated to 100 low a tempemature i89°C,
prep 2), a low conversion results due to inadequate temperature rise.
This could have been overcome by continuing the reaction for a longer
time, but this option was not investigated.

Becacse of variability in the yields and difficulty in carrying out the reactions in
these first experiments, the remaining preparations were all conducted with the reaction
flask immersed in a water bath set to an initial temperature.  These are detailed in
props 6-10.

Prep 7 agam (ef prep 1! demonstrutes the undesimbility of excessive reaction
temperaturs.  In this series of preparations the aptimum yield was 75.3% obtained for o
bath tomperature of 85°C, an internal temperature maximum o §2°C, and 3 reaction time
of 2 hprep 95 Longer reaction time (prep 1O or lower bath ¢ mperature ipraps 6, 5?
decreased NTO yield.  Dectease in the volume of nitric acid (preps 11, 124 aiso decreased
yield.
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2.2 Nitesations using Mixed Acids

Using 65'C as the optimum initial reaction temperature, a series of preparntions were
carried out using mixed acids, i.e. replacing some of the conc. nitric acid with conc. sulfuric
acid or fuming nitric acid. Results are detailed in Table 2.

Using either 125 ml (prep 1) or 100 ml (prep 3 of conc. nitric acid with 20 mi of
conc. sulfuric acid gave the highest vields of this study (> 77%) Increase in reac.ion timc
(compare preps 1 and 2, 3 and 4) decreased yield. The nitrations catalysed by sulfuric acid
were in general more vigorous, and often accompanied by some foaming, than those with
cone. nitric acid alone, while maximum temperatures were higher and reached in a shorter
time. Use of fuming nitric acid (prep 5) appeared to offer no advantage.

2.3 Sculed-up Reactions

Three scaled up reactions (133.8 g ) rar: carried out at the optimum temperature (65° ()
using conc. nitric (Table 1, preps 13, 140 or mixed nitric-sulfuric acids (Table 2, prep 6).

All experiments gave substantially lower yields than expected. This was probably due to
cither the excessive reaction times (the dependence on reaction time noted above had not
vet been realised) or alternatively that cenversion of SC to TO may not have proceeded to
thie same extent on the large: scale of reaction.

2.4 Recommendation on Preparative Method

Reaction of 8C with formic acid followed by nitration sith mixed nitric sulfuric acd at a
reaction temperature of 65°C has been identified as an excellent preparutive proce<dure
giving NTO in high yvield in a simple one-pot procedure.  Further experiments need to be
carried nut to define the optimum reaction conditions, particularly with respect to reaction
time A procedure to determine the extent of ¢onversion of 3C to TO also needs 10 be
established.

3. VARIATION OF NTO CRYSTAL HABIT

The praducts obtamned from the uhove ret-tions tend to acicular crystal habit wath

length diameter mtios in excess of 3:1.  Micragrmphs of some typrcal examples are shown
th Fig 1o and b. This material had relatively poor handhing propertic., rticularlys flow,
In order to alter crvstal habit and enhance flow and bhulk density, two approaches were
mnvestigated.

31 Crystal Badification wing Suefactants

Syrigcing ts are frequenity used (o alter the crystal halnt of espiovives during
eryatalhisatien purificatien.  Thic prrticulariy applios jo primasy explanves and high
espiasives of high polarity thigh dipole momedts) such as nitroguandine NCH LT6] where
tmproved handlin properties through increased bulk density and flow can be a2hieved.
NTO, bke NQ. bas a quite high palaniy and should be pmenable 10 aliemtion af crysial
properi‘es by use of surfectants,
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Recrystallisation of NTO from water was carried out in the presence of a
number of neutral, anionic and cationic surfactants:

i. Neutral : gelatin, methyl celluiose, coconut diethanolamide
(Diamond Shamrock), phospholan PDB-3 (Diamond Shamrock)

ii.  Anionic : aerosol OT (BDH), orotan 960 (Rohm and Haas)
iii.  Cationic : cetylammonium bromide (BDH)

Small scale crystallisations (approximately 0.5 g NTO/6 ml H,O at 100°C) were carried out
w’thout stirring and using both fast and slow cooling rates. ‘?ypical surfactant
concentrations were about 1% although both higher and lower concentrations were
investigated for some systems.

The gencral trerd observed for these crystallisations was that the acicular habit
tended to be accentuated, i.e. the opposite to that desired. Only gelatin gave some
improvement in crystal and bulk properties, while methy! cellulose gave NTO agglomerated
into a semi-granular form. The effect of gelatin and methy! cellulose was therefore
fucther investigated on a larger scale (2.5 g NTO/25 ml Hy0).  Both crystallisations were
carried out without stirring using 1% aqueous surfuctant solution.

Gelatin produced circuler clumps of crystals. These clumps could be easily
broken up to individual crystals as shown in Fig. 2a. There was some improvement in
handling properties over unrecrystallised NTO. The product crystallised from methy!
cellulese consisted of balled agglomerates of microfine NTO needles (Fig. 2b). Handling

properties were poor,

A final larger scale recrystallisation (20 g NTO/200 ml 1% aqueous gelatin) was
carried out with stirring (sce following section). However the NTO product was quite
acicular in habit (cf Fig. 1) ard exhibited poor handling properties.

At this stage an aqueous crystailisation method which produced NTO with
desirable handling propertics had been developed, and work on crystal madification by
surfactants was terminated. In zcummary, all surfactants tested favoured acicular growth
of NTO. Different crystal modifiers such us inorganic salts may have been beneficial, and
they could be evaluated in the future.

3.2 Agueous Crystallisation with Stirving

Small scale agueous recrysiallisation experiments were carried out in parulle]l with the
surfactant experiments described in the previous section.  Seale up to

26.2 g NTO-2256 ml t120 without stirring and allowing the flask to cool to roam temperature
followed by refrigermtion avernight gave NTO where the bulk ervstals were largely irreguiar
in shape (Fig. 3a) with reasanable handling properties.  However, a number of “cubie”
erystals (Fig. 3 could be seety adheneg to the {F L in a ring above the bulk NTO

crystals.  Repetition on the same scale showed ilas behavicur to be reproducible.

Previous studies at MRL., particularly {or preparation of spherical N§, had
demanstrated the boenefits of stirring with an anchor blade stirrer during crystallisation
1171 A batch of NTO (23,35 g-200 mi H,O! was recryetallised with stirring vin an anchor
biade stirrer both during the dissolution and conling phases.  Crystallisation was completesd
by overnight refrigeration without atirrug.  The product obtained shoved goad handiing

propertios.
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A larger scale batch (67.6 g/€50 mi H,O) was prepared using an identical
procedure.  The product had a bulk density of 1.055 g/ml and exhibited good flow; dimg
properties wer - qualitatively assessed as equivalent to Grade A RDX. A photomicr -1ph
of some typical crystals is shown in Fig. 3c. A series of recrystallisations were the~
carried out on scales up to 88.9 g NTO/900 ml H,O; the results are detaniled in Tabk: 3
preps 3-9. The previous two experiments described above are listea as preps 1 ard -~

.

The results in Table 3 show the following.
1. Recrystallisation typically achieved ¢ 90% recovery based on cri .- NTO.

2. The bulk density was typically ¢ 6.9 g/ml. Three preparatioas hau hulk density >
1.0 g'mi but in two cascs it was s 9.8 giml.

3. The crystal form of all products was comparable with that depict2d in Fig. 3¢; the

.wvo examples with lower bulk density had noticeable numbers of crystals tending to
acicular habit.

4. No attempt was made to produce NTO of any particular particle size. n all cases,
except  ep 2, > 90% of product consisted of particles < 850 ;m,

The method is quite sensitive to changes from contamination or adverse
experimental cenditions. For example, prep 7 was inadvertently left unattended and the
water boiled down to about 400 ml.  The NTQ product obtained after addition of further
water and preparing in the usual manner was yellowish, contained more fine particles than
usuitl and had lower bulk density than the almnst identicatly prepared preps 8 and 9. A
possible explanation is formation of hydrolysis products which lend to changes in crystal
siz¢ and habit distribution.

A second example wa. another crystallisation where about 20% of gelatin
modified NTO was acdded to the impure NTO.  In addition not all the NTO was dissolved
prior to cooling. The recrystallised NTO was definitely inferior to that in preps 1 9,
Table 3 Presumably even the small amount of gemtin introduced by this process was
detrimental. The effect of not completely dissolving the NTO possibly resulted in seeding
from these undissolved acicular crystals to give an ihcrease in the undemired acicular form.

4. CHARACTERISATION OF XTO

4.1 Soluhility

Solubtlity ¢ 7 NTO was deteriuned it water a4 three tomperatures; 4.857¢ inefrigemt oo,
13.957 C tambient temperatyerer and 43.3° ("

3.0 fn adidinion, sojubility was determined at
18957 in acetone, ethyl acetate and dichloromethane, chosen as representative of
salvents which could be ured 10 formulation stuthios with polymers.  Resylts are detasled in

Table 4.

Salahility of NTX) i esther water of goctane 5 less than 2% at ambsent
temporaivre, rang 1o alvrut §190% 10 waler at 10070, Saludil: .y in erither cihyl aceialte or

dichloromethar « is fow; s wili facibitate farmutation seth piyte s uning s dvent hoed
LU eRRes.




4.2 Sensitiveness

Sensitiveness to mechanical impact, thermal and electrostatic stimuli was determined on
loose crystals for both unrecrystallised and recrystallised NTO. Data are detailed in
Table 5; US and French data for NTO and RDX [11-13, 18], and MRL data for RDX are
given for comparison.

4.2.1 Impact Sensitivcness

Rotter impact sensitiveness was determined on a total of five NTO samples: three
recrystallised and two unrecrystallised (Table 5). The F of I values are equal to or slightly
higher than RDX for the recrystallised samples (indicating equal or slightly decreased
sensitiveness) and lower for the unrecrystallised NTO except in one case (F of 1 90) where a
very powdery sample was tested.

These results are surprising when compared to the US data (Table 5),
particularly that from Lee and Coburn [11]. The NSWC data [18] are consistent with
sensitiveness equal to TNT, i.e. very significantly less vhan RDX. French data [13] also
support this conclusion. Note that the MRL value for average evolved gas for ignition is 3-
6 ml (Table 5) compared to RDX which is typically > 15 ml. The evolved gas is generally
considered to be a measure of ease of propagation [19], hence we would classify NTO as a
material which ignites relatively easily but propagates poorly. The US data, where the
criterion for ignition depends significantly on propagation (flash, bang etc), not surprisingly
rates NTO as relatively insensitive.

The comparison between MRL Rotter impact data and US data for a number of
"insensitive" high explosives has shown a similar trend to that observed here for NTQO. The
relationship between Rotter impact data and "insensitivity" is currently being further
investigated at MRL.

4.2,2 Thermal Sensitivity

Vacuum thermal stability testing at 120°C resulted in no detectable gas evelution frem
NTO. Thermal stability of NTO is thus considerably better than RDX and this is confirmed
by the higher ignition temperature (T of ) and DSC/DTA exotherm temperature (Table 5),
The decrease in T of I for the recrystallised NTO relative to the unrecrystallised NTO is

surprising and requires further confirmation. US and French data (Table 5) are consistent
with the MRL data.

The decreased energy output of NTO relative to RDX can be seen from the
heats of reaction (Table 5. This difference will be accentuated by the very small samples
used for DSC/DTA determination owing to the poor ability of NTO to propagate; this
difierence would be expected to decrease substantially for higher masses under the extreme
conditions of detonation.

4.2.3 Electrostatic Spark Sensitivity

No ignitions were obtained for NTO at the highest test energy (4.5 J). This can be
contrasted with RDX which ignites at 4.5 J but not at 0.45 J. US measurcments (Table 5!
where energies for initiaticn are actually determined, give a better comparison.

14
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4.3 Explosive Propesties

The explosive performance dats that have been published on NTO [11-13, 18] are collated in
Table 6. Although informative in contain.ng some measurements of detonation velocity
(VOD) and pressure (Pv7), in most instances they lack supporting information such as
confinement, charge diameter and/or lensity, or initiation system, and their usefulness is
therefore limited. Further data arc availabie on NTO/nitramine/binder formulations [12-
14, 18} and, while providing good comparison with corresponding TATB/nitramine/binder
formulations, they also suffer from the limitations of the NTO data described above and are
not presented here.

In order to provide an initial data base of NTO explosive performance, a seriesg
of firings was conducted on NTQ charges pressed in all except one case tg about 90 %MD
(theoretical maximum density) corresponding to a density of 1.737 Mg/m®, Diameters used
were 12.7 and 15.9 mm and beth unconfined and confined charges were tested. Full details
are listed in Table 7.

The principal information scught was:

1. Estimation of critical diameter
2. Determination of VOD
3. Comparative plate dent performance with currently used explosives

The firings on 12.7 mm diameter NTO showed that detonation can be achieved
at this diameter at 91.0 2TMD. This confirms the results of Lee and Coburn {11}, who alsc
observed failure at 94.5 %TMD for 12.7 mm diameter (Table 6). NTO will not pick up
directly from an exploding bridgewire detonator (EBW) but requires a booster; in this case
RDX at 90 2TMD was used.

VOD was determined on confined 12.7 mm charges pressed to 89.61 and
89.76 %TMD, and a 15.9 mm charge pressed to 88.65 %#TMD (Table 7)., VOD for the
12.7 mia charges was relatively low at around 6000 m/s, with poor ionisation probe output
and high standard deviatior. This could have been due to long run distances to detonation,
i.e. velocity varied appreciably over the charge length, or that detonation was unstable.”
The 15.9 mm charge gave a VOD of 7440 m/s with a standard deviation of 15 m/s,
indicating that stable detonation had been achieved.

Analysis of the data in Tables 6 and 7 suggests that the criticel diameter of NTO
may be close to 12.7 mm at 90 %TMD, particularly since the detonations observed on
confined charges at 12,7 mm diameter indicated potential instability. A provisional
estimate for unconfined critical diameter is 11 + 2 mm at 90 ZTMD.

Plate dents, while not an ideal method of measuring detonation pressure, can be
used as a rough indicator of relative detonation pressures. The results for pla‘e dent
volume give NTO pressure output as 5% (at 12.7 mm diameter) and 88.58% (at 15.9 mm
diameter) relative to totryl, and 76% relative to RDX at diameter 12.7 mm (Table 7. The
substantially higher critical dinmeter of NTC (RDX and te:ryl critical diameters are
typically < 2 mm) [20a] will decrease the performance of NTQ relative to RDX and tetryl at
these diametors. At larger diamerers NTO uerformance approaches that of RDX 1181,

« This potentially conflicts with the data in the provious parngraph.  Longer unconfined
12.7 mm charjzes should be fired and VOD dotermined so thut detonatian stability can
be confirmed.
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Clearly use of NTO in a booster formulation would require the addition of a i
sho:k aensitive explosive such as RDX or HMX to improve performance at small
diameters. However the shock sensitivity of NTO as rieasured on the large scale gap test
is substantially higher than TATB (Table 6) [13] and there should be advantages for an
NTO/RDX formulation relative to an "insensitive” booster formulation such as PBXW-7
(RDX/TATB/Viton A 35:60:5).

Assessment of the utility of NTG as a main charge explosive requires further
experimental determination of VOD and P, particularly at larger diametert.

5. NTO MOQULDING POWDERS

L1 publy.aed studies NTO has been assessed as an explosive filler in cast-cured mein charge
fillings [12~.4], moulding powders for pressed fillings (12] and cast composite propellants
{12]. One potential area for future assessment at MRL was the incorporation of NTO into
pressed fillings for boosters; the insensitivity to mechanical and thermal stimuli would be
expectad to substantially decrease hazard response relative t currently used booster
explosives.

Moulding powders are usually prepared by the solvent slurry nrocess {20b, 21!
whereby the solid explosive, mechanically agitated as an aqueous slurry at typically
60-95'C, is treated with a snlution of polymer in a volatile solvent. The solvent is
evaporated under reduced pressure, precipitating the potymer which coats Jhe explosive
crystals and forms granules.

The water solubility of NTO precludes use of this method; uncoated crystals
would crystallise out on cooling. The method described in the French patent [12] requires
NTO to be stirred with a solution of polymer in solvent (the specific example cited is for
Kel-i" 800 in ethyl acetate), then the solvent is removed under vacuum. This method is
undesirable since it requires stirring of dry explosive tightly coated with polymer at the
completion of solvent evaporaticn.

An investigation was accordingly carried out to derive a method for coating
NTO with a ranze of polymers. A suitable method was found to be to dissolve the polymer
in a suitable solvent to a concentration of 10% w/v, then to add this solution to NTO and
stir the suspension while chilled in ice water. A solvent in which the polymer has low
solubility was then added to precipitate the polymer onto the NTO crystals to form
granules. The product was finally isolated by filiration under vacuum,

Three othylene-vinyl acetate (EVA) polyiners; Elvax 650 (11-13% viny!l acetate
(VA), Elvax 210 (27.2-28.8% VA) and Levapren 408 (40% VA), and a flame v¢ardant
polyphosphazene; Ethyl Corp. PZX-42 Masterbatch, wers studied.  For each polymer 95:5
NTO-polymer formulations were prepared using o range of solvents. The optimum solvent
combination was defined as the one which gave the moulding powder with the best handling
properties: those are listed for each formulation in Table 8.  All moukling powdars
produced by these optimum processes were reasonably free flowing with the exception ¢
the Levapren 408 formulation which was sticky with a strong tendency to clump. A flow
modifior such as zinc stearate would be nocessary to produce desirable handling properties
for this formulation.

Rotter F of I values were determined for toese formulations and are listed in
Table 8. All the EVA based polymers strongly desensitized the NTQ to hinpact; all had
Fof I>200. Incontrast the polyphosphazene yieldod only a slight desengitisation, with the
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F of I being 95 compared to 90 for the least sensitive NTO sample (Table 5). Inhibition of
propagation was achieved as evidenced by the lower average gas evolution relative to NTO
(2.2 versus 3-6 ml),

Ignition temperatures (T of I) were little changed from the NTO crystals that
the formulations were made from. The higher T of I for the polyphosphazene could be
attributed to this polymer, which is a flame retardant, but would need further experimental
substantiation. This is currently being investigated for polyphosphazene formulations with
other high explosive crystals.

Scanning electron micrographs of uncoated NTO crystals and polymer coated
crystals are shown in Fig. 4. NTO crystals coated with EVA polymers (Figs 4b, ¢) show an
uneven coating of deposited polymer. It is suggestea that the parallel etched exposed
surface is due to partial dissolution of the NTO duving polymer deposition. Although the
EVA coating is significantly poorer than for comparable RDX formulations (22], it is
apparently sufficient to give the very high F of I. In contrast to the EVA compositions, the
polyphosphazene formulation had only small amounts of polymer deposition (Fig. 4d) as well
as minimal crystal dissolution. As a consequence th's polymer had only a marginal
desensitisation effect, although propagation was reduced.

In summary the results lonk very promising for producing an insensitive booster
or main charge formulation. Charge hazard response would need to be assessed to confirm
desirable mild output under cook-off and other threats.

6. EXPERIMENTAL

6.1 Materials

Semicatdazi”' 2 hydrochloride was laboratory grade purchased from BDH. Formic acid was
AR grade, 88%, purchesed from “4jax Chemicals. Nitric acid, 70% w/w (Ajax Chemicals),
sulfuric acid, spe .ific gravity 1.84 (BDID and nit.ic acid, 100% (Merck) were all AR grade.

“eiatin (Ajax Chemicals) and methy!l cellulose (BDIHD were available from
previous studies. A~rgsol OT and cetylammonium bromide were purchased from BDH,
Coconut diethanolaride .ad phospholan PDB-3 (Diamond Shamrock) ard Orotan 960 (Rohm
and Haas) were srapies kindly donated by the Australian subsidiaries.

Eivax 650 and €10 (Du Pent), Levapren 468 (Bayer) and Polyphosphazene PZ2X-42
Masterbat~h (Ethyl Corp) were samples kindly lonated by the Austiralian subsidiaries.

Disti'led water wns usod in all cases  Solvents used for solubility
determinztions were ™ grade and for formu.ation studies were laboratory grado.

6.2 Prepavation of 3-Nitro-1,2,4-trinzol-6-cne (NTO)
1,2,4-Tv.azol-&-one (1O

Formic acid (88%, 34.56 mD wo- added in one portion 1o semirarbazide hydrochloride
(33.45 g) in a 500 m} Frienmeyer flask at ambient tempe ture.  The mixture was heated
with stirring (hot pl= te magnetic stirrer/surrounding water bath) at 80°C for 2 h, vhen
dissolution was complete end evolution of HCI had ceased.  Tho mngnetic stirrer was
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removed from the flask, then the contents were taken down to dryness on a rotary
evaporator (bath temperature about 70°C). Water (50 m]) was then added and the crude TO
was again reduced to dryness.

The flask was left unstoppered at room temperature. The nitration to NTO was
generally performed within 48 h. The three larger scale reactions were performed at three
times this scale in a 11 flask.

Recrystallisation of a sample from water (approximately 1.5 ml/g) gave TO as
creamy crystals, mp 232-234°C (yield 75-85%). Further sublimation or a second
recrystallisation from water raised the mp to 234-235°C, lit. (7] mp 234-235°C.

Nitration of TO

The procedure described below is the one which gave the maximum yield. Other variations
on this method using different nitration agents and bath temperatures are detailed in
Tables 1 and 2. Earlier preparations where only the initial reaction temperature was
controlled (Table 1, preps 1-5) were carried out by heating with stirring then removing from
the hot plate and allowing to stand on a bench at ambient temperature.

Ti.e 500 ml Erlenmeyer flask containing the crude TO (from the preparation
described above) was placed in a water bath preheated to 65°C on a hot plate stirrer. A
magnetic follower was added followed by a mixture of conc. nitric acid (100 ml) and conc.
sulfuric acid (20 ml). The internal temperature rose to a maximum of 86°C after 8 min.
Water bath temperature was controlled by addition of ice water; a maximum of 66.5°C was
recorded. After 1.5 h the flask was removed from the water bath, allowed to conl to about
30°C internal temperature then finslly chilled in ice water. The NTO was isolated by
filtration under suc:ion and the crude product was washed with ice water (20 ml) then
allowed to dry at the pump overnight. Yield of NTO was 30.30 g (77.0% ex semicarbazide
hydrochloride).

Larger scale reactions (Table 1 preps 13 and 14, Table 2 prep 6) were zarried out
as described above except a 2 | beaker was the reaction vessel, a larger water bath was used
and reaction times were longer (see Tables).

6.3 Crystal Modification of NTO
Recrystallisation with Surfactants

Aqueous surfactant solutions were madg by adding the surfactant to water to form an
approximately 1% solution. In some cases heating was used to facilitate digsolution.
Highor concentrations wore also investigated in a number of cases.

Tho goneral procedure was to add § ml of the surfactant solution to NTO (0.5 g
in a 10 ml Erlenmeycr flask. The contents were heated to 100°C to effect dissolution then
allowed to cool. NTO isolated by filtration under vacuum was then examined by
microscopy.

Scaled up preparations (2.5 g/25 ml 1% aqueous surfactant) in 50 m! Erlenmeyer
flasks were carried out for gelatin and methyl cellulose. A further scale up was carried out
for NTO (20 g) in 1% aqueous gelatin (200 mD) in a 500 ml beaker using stirring during
dissolution and cooling tas described below).
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Aqueous Recrystallisation with Stirring

NTO (80.3 g) and distilled water (800 m)) were placed in a 1 1 beaker on an electrically
heated hot plate, The flask was heated while the contents were stirred with a teflon
anchor blade stirrer (dimensions 7.6 cm wide, 0.9-1.9 cm high) driven by an overhead stirrer
motor at about 60 rpm, After complete dissolution at 100°C (in some experiments
additional water had to be added) heating was stopped and stirring continued till ambient
temperature was reached. The beaker was removed and refrigerated overnight. The NTO
was then recovered using filtration under suction and finally dried at the pump.

6.4 Material Characterisation of NTO
Microscopy

Optical microscopy was performed using a Leitz Ortholux microscope. Photomicrographs
were taken with a Leitz Orthomat 35 mm automatic camera on polaroid film type 667.
Magnifications in all cases were X42.

Scanping Electron Microscopy

Scanning electron microscopy (SEM) was performed using a Cambridge Instruments Mcdel
S8250 Mk II scanning electron microscope with a tungsten electron gun. The instrument was
operated at 20 kV in the secondary electron mode. Samples of HNS were mounted on a
stub coated with PVA adhesive and sputter coated with a conducting film of gold. The
micrographs were normally obtained for tilt angles of 20-30 degrees.

Sieve Sizing

The dried NTO obtained from aqueous recrystallisation (Table 3) was passed through two
Endecott 20 cm diameter sieves, 1.4 mm then 850 1m pore size, using gentle brushing.
Material retained on each sieve was removed and weighed.

Bulk Density

The NTO passing through the 850 ;m sieve into the collection pan (usually 60-80 g and
constituting the bulk of the crystallisation product; see Table 3) was transferred to a 100
m!} graduated cylinder and the accurate mass was noted. The cylinder was tapped on the
bench about 20 times and allowed 1o settle. This procedure was repeated at hourly
intervals till constant volume had been achieved. The bulk densaty was determined as mass
NTOQ divided by final volume, i.0. g/ml.

Solubiility

An accurately weighed amount (4 decimal places) of NTO was added to a 25 ml volumetric
fiask and solvent added to the line. The flask was held at the desired temperature {or at
least a week. Excess NTO was recovered by filtration and its mass accurately
determined. If all the NTO dissolved, a second portion was added and again allowed to
stand for one week. All doterminations were carried out in duplicate or triplicate.
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6.8 Determination of Explosive Sensitivity of NTO
Rotter Impact Sensitiveness (19, 23al

Impact sensitiveness was determined using a Rotter apparatus. The sample of about 30 mg
confined in a brass cap fitted over a polished steel anvil was impacted by a & kg weight
falling from a preset height. Go/no-go was delineated by > 1 ml gas evolutiop from the
sample for a positive result. Impact heights were varied in a typical Bruceton procedure
{24] with a total of 50 caps being tested. The resulting Figure of Insensitiveness (F of I} is
quoted relative to RDX Grade G = 80 and is rounded to the nearest 5 units. Gas evolution
represents the average for all positive results. In the case of the NTO/EVA formulation, no
ignitions were observed at maximum drop height (F of I > 200).

Temperature of Ignition [23b]

Temperature of Ignition (T of ) was determined using an instrument built to specification
for the ERDE T of I test. Samples of 200 mg in glass test tubes were heated at 5'C/min
till ignition occurred. Ignition was defined by either visible signals such as smoke/flame or
audible hiss/bang. The T of I is the temperature at which this event occurred and is the
average of duplicate samples.

Vacuum Thermal Stahility [25]

The test procedure consisted of placing duplicate 5 g samples in glass sample tubes,
attaching to a mercury filled manometer and c¢vacuating. The sample tubes were then
placed in a heated bath at 120°C, and a 1.5 h period allowed for temperature equilibrium.
The volume of gas evolved was then moritored for 40 h. The quoted result is gas evolved in
ml/5 g at 120°C for 40 h and is the average of duplicate samples.

Differeniial Scanning Calorimetry (DSC)

DSC thermograms were recorded using a Perkin Fimer DSC-2 Differential Scanning
Calorimeter equipped with a Scanning Auto Zero accessory. Experimental conditions were
as follows: a flowing nitrogen atmosphere (15 ml/min), a heating rate of 5°C/min, and
aluminium lids placed, but not crimped, on the pans. The thermograms were recorded using
an identical but empty aluminium pan as reference.

Electric Spark Test [23¢)

The test procedure consists of filling the sample into a 6.35 mm diameter hole in a
polythene strip backed by a copper foil electrode, then enclesing tha top with a second foil
electrode. ‘The energy from a capacitor connected to the two electrodes is then discharged
through the sample. Testing commences using a 0.1 pF capacitor charged to give an output
of 4.5 J. If any discharge results in ignition, defined as explosion or corsumption of the
sample, a new sample is then ro-tested using 8 0.01 1.F capaciter charged to give an output
of 0.45 J. Passage of the spark through the sample nermally results in some localised
charring, particularly at 4.5 J. The samples are inspected after 10 discharges and replaced
if charring is excessive. A non-ignition requires that 50 discharges have not resulte ! in
ignition.
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6.6 Explosive Performance Testing

Pellets for explosive testing were pressed in hardened steel moulds using an Instron
Universal Testing machine adjusted to operate as a press [26]. Densities were determined
{ by accurate dimensional measurement and weight.

! Non-instrumented Firings

For non-instrumented firings a pressed cylindrical test charge was positioned in the centre
. of a mild steel witness block, 75 mm diameter x 25 mm thick. The charge was initiated
axially either directly by a UK Mk 3 exploding bridgewire detonator (EBW), or via a tetryl
{ or RDX booster charge placed on top. For confined firings the test charge and booster
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charge were fitted into a brass sleeve having an outside diameter of 25.4 mm.

Detonation or non-detonation was assessed by whether or not a sharply defined
dent was observed in the witness block. Dent volumes were determined by filling the
crater with modelling clay, taking care to avoid trapped air and scraping flush with the top
edges of the crater. Witness blocks were weighed before and after filling to determine the
mass of modelling clay. Density of the clay sample was determined by water displacement,
then the dent volumes were calculated.

Approximate dent depth measurements were made using a dia! gauge. The dial
gauge was first zeroed 5 mm in from the outside edge of witness plate, which was supported
on an aluminium anulus to minimise the effect of distortion of the base of the witness
plate. By placing the dial gauge probe into the dent and slowly moving the witness plate,
the maximum depth of dent was measured. Three measurements were made for each
plate. It should be noted that this was not meant to be a 1.gorous dent test.

Instrumented Firings : VOD Measurements

A schematic of the system used is shown in Figure 5. The explosive assembly was similar
to that used for the uninstrumented firings exczpt that a number of small holes were drilled
{ in the brass confining tube where the NTO peliet would be positioned. Prior to insertion of
: the explosive pellets ionisation probes were stuck into the holes with their ends flush with

\ the bore of the tube. For the 12.7 mm diameter firings, one tetryl and one NTO pellet was
' used; the EBW detonator fitted slightly into the confining sieeve. The 15.9 mm diameter

firing was conducted using two NTO pellets and one tetryl booster pellet, which only
' partially fitted into the brass confining tube.

R e -

| The two 12.7 mm diameter firings were carried out with 5 {onisation probes; 4
were fitted into the holes in the brass confining tube and one parallel foil probe was
sandwiched between the base of the NTQ chargo and the witness Llock. In one shot,
twisted wire lonisation probes were fitted in the probe holes and for the other, a single
insulated wire was fitted in each hole, with a common wire being connected te the tube.

. The latter method was tried because of difficulties encountered with twisted wire probes
shorting during fitzing. In both cases probes were connected to capacitor discaarge pulse

. circuits and the resultant pulses were captured on a digitising oscilloscope. Inter probe
times were then measured using the oscilloscope cursors.  Hard copies of the probe pulses
were produced using the plotter (Fig. 6.

The firings on 15.9 mm diameter charges differed in that 8 fonisntion probes
were fitted into holes drilled inte the tube over the length of the last NTO pellet, witha
severth probe at the base of the charge, i.e. no roadings werce obtained on the first NI
pellat.

:
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The assemblies were fired on mild steel witness blocks. All charges produced
dents indicative of detonation. The depths and volumes of the dents were also measured
for the 12,7 mm diameter charges.

The mean VOD and standard deviation were calculated using a linear
regression. As can be seen (Table 7) the standard deviations for the 12.7 mm firings are
very high and therefore the VOD figures should be treated with some caution. The
15.9 mm firing gave a clean, consistent output with acceptable standard deviation,

NTC Moulding Powders
NTO/Polyphosphazene (95:5)

NTO (9.5 g) was added to a flask containing polyphosphazene PZX-42 Masterbatch in
cyclohexane (10% w/w, § g) at ambient temperature. Extra cyclohexane (5 ml) was added,
the flask was cooled in an ice bath and stirring commenced using an anchor blade stirrer
driver by an overhead air motor. Isopropanol (25 ml) was added dropwise over a period of
2-3 min, followed by a further 10 ml added all at once. Stirring was continued for a further
5 min then the product was isolated by filtration under suction following by drying under
suction.

Solvent combinations for the NTO/ethylene vinyl acetate formulations which
were prepared in a similar manner to the sbove, are listed in Table 8.

7. SUMMARY

A preliminary assessment of production, explosive hazard and performance of the
ingensitive high explosive 3-nitro-1,2,4-triazol-5-one (NTO? has been undertaken. A
method has been derived to produce NTO in high yield > 77% based on semicarbazide
hydrochloride as fecdstock) in a simple two step reaction. It is considered that this yield
could be improved if further study on reaction conditions (temperature, reaction time,
nitration medium) was undertaken, particularly with respect to scaling up.

Bulk handling properties of the NTO have been improved using a stirred aqueous
recrystallisation method, which increased bulk density to > 0.9 g/ml.  Optimisation of
particle size range was not attempted and would require additional development studies.
Surfactants were ineffective in improving crystal habit/bulk density, although additional
effort using different types of modifiers could lead to improvements.

NTO in the powder crystal form has impact sensitiveness equal to tetryl.  This
was unexpectaedly high since US published data rate NTO as less sensitive than TNT, the
differvence is suggested to result primarily from the differing assessment methods (Rotter vs
ERI machines) and particularly to defining go/no-go.  Explosiveness, as assessed through
case of propagation, appears to be low but charge hazard tests should be conducted to
further define this parameter.  Ignitability under thermal stimuli is significantly decreased
relative to RDX, as is sensitivity to eloctrostatic stimuli.

Published data on explosive performante of NTO has been reviewed. A series
of experimental firings on unconfined and confined 12.7 mm and 15.9 mm diameter charges
pressed to about 90 % TMD were carried out. It has beeon estimated thut the unconfined
critical diameter s 11 2 2 mm at 90 FTMD.  Effective detonation requires boostering and
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NTO will not detonate directly from an EBW detonato . Velucity of detonation of 90
%TMD confined charges at 12.7 mm diameter was relatively low at around €900 m/s and
gave evidence of unsteady behaviour. Detonation was increased to 7440 m/s at diameter
15.9 mm and appeared to be stable. Relatie detonation pressure as measured by plate
dent paralleled the VOD results, being about 85% and 76% of tetryl and RDX respectively
at 12,7 mm diameter, and an increased percentage at 15.9 mm diameter,

Accurate solubilities of NTQO in water, uce :one, cthylacetate and
dichloromethane were measured. The solubility in wrter precluded preparation of PBX
moulding powders using an aqueous slurry method, and su.veri/uon-solvent precipitation
methods were derived for four commercial polymers; three ethylene-vinyl acetate (EVA)
copolymers, and a polyphosphazene which had flame retardant properties. NTO polymers
formed moulding granules with the EVA polymers (ratio 95:5) which were very impact
insensitive. In contrast NTO/polyphosphazene (95:5) was slightly desensitised relative to
NTO but propagation ability was decreased.

Studies should continue on the use of polymer coated NTO in an insensitive
booster explosive formulation. Performance measurements on NTQ (see above) suggest
that addition of a shock sensitive explosive such as RDX or HMX would be necessary to give
the required performsance at small diameters. The results observed here are promising and
would be needed to be backed up by charge hazard tests, particularly for cook-off.
Investigation of an insensitive main cnarge filling based on NTO could also have strorg
potential but the larger quantities of NTO which weuld be required would significantly
increase the technical risk and difficulty.
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TABLE 4

SOLUBILITY OF NTO IN WATER, AT A RANGE OPF TEMPERATURES, AND
ACETONE, ETHYL ACETATE AND DICHLCROMETHANE AT AHBIENT (II.QS.C) TEMPERATURE

Solubllity in ¢/100 ml at temperature below

4.98°c 18.98°¢ 43.3% 100°¢
Water 0.72 1.28 2.6 approx. 10 8
Acstone 1.68
Ethyl acetate 0.28
Dichloromethane < 0.02
a Estimated from recrystallisation investiyations
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TABLE 5

IMPACT SENSITIVENESS, THERMAL AND ELECTROSTATIC SENSITIVITY DATA FPOR
RTO. PUBLISHED DATA AND DATA FOI RDX ARE SHOWN POR COHPARISON

Test

NTO Data

Recrystallised

Unrecrystallised

THPACT SENSITIVITY

MRL data: Rotter F of I {mean gas evolved, ml)a

b
Us data: hso‘ {cm}

French data (1)°
THERMAL SENSITIVITY
Vacuum thermal stability

HRL data (ml/g/120°C/40 h)

Us data (ml/g/120°cs48 n)©
Igniticn temperature

MRL data: T of I {'C)

US data: Henkin Critical Temg. ('C, 0.64 mm)c

French data: T of 1 {'C)°

kY

DSC/DTA exotherm

MRL data: DSC ;°C at 5°Csmin heating rate)
Hear of decomposltion (kJ/q)

US datai DYA ('C)

ELECTROSYATIC SEESITIVITY

HaL data ()

30(3), 80(5)
RDX = 80(17)

291 (rDX = 22)°
75-104 (RDX = 15-20)

22 (RDX = 4.5)

0.0 (RDX = 0.,2-0.6)

0.3 (RDX = 0.12-0.9)

258, 258 (RDX = 216 * 3,

237 (POX = 219.6)

200 (RDX = 220}

ETY (RDX = 212)
1.7¢ (BRX = 2./19)

> 136 (ROX = 210)°
C270-275 kpx - 2207

> 4.% ¢ro ignition)
REX 4.9 lynition
0.4% no fgnition

J.40 (RDX » 0.%%)

> 4.3 {no ignltion)

75(6), 70(6)
90(5)

270, 210, 280

Kear of evolved ¢as readings for =il

Bata feow reofcrsnce 331}

%
b Drop Belyht o om Far S0V igaltion probabilily
(4
[

Vola {tca refurence 118}

¢ Data frvex vefetences (17, 1)}

tgnitiang (definect gu > I .t

I
L
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TABLE 6

PITBLISHED EXPERIMENTAL RESULIS FOR EXPLOSIVE
PERFORMANCE OP NTO

Experimental Firing Result Reference
Denmity 1.781 Mg/m> (92.2 VIMD) at 41.3 mm dian® P, 27.8 GPa 11
1.854 (96.0) 41.3 26.0
1,782 (927.3) 25.4 24.0
X 1.855 (96.1) 25.4 Failed
1.759 {91.1) 12.7 PCJ 25.0 GPa
1.82¢4 {54.5) 12.7 Pailed
3b
Denaity 1.91 Mg/m VOD 8590 m/s 13
Charges of various density b VOD 7700-8670 m/s 18
PCJ 31.0 34.0 GPa
Dengity 1.63 Mg/m3 in 4 mn o.d. copper sheath VOD 7400 12
1.71 " voo 7770
KOL large scals gap test (density not stated) LI 260 cards 13

RDX « 310, TATB = 190

a Presumad tc be uaconfined but not grated {n (11)
b Mo further detaile given
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EXPERIMENTAL FIRINGS OF PRESSED NTO CHARGES.

TABLE 7

RESULTS POR TETRYL AND

RDX PLATE DENTS ARE INCLUDED POR COMPARISON

Ch Confinemant
Donor cha.:ge Acceptor C{;nrge arge Result for Acoeptor Charge
(VTMD) (VD) Diam. (mm) {mm)

EBW NTO (88.5) 12.7 None Non-detonation

EBW NTO (75.5) 12.7 None Non-detonation

EBW/RDX (90.0) NIO (91.0) 12.7 None Detonation

EBW NIO (90.4) 12.7 Brasg, 25.4 o.d. Non-detonation

BW/tetxyl (50.6) RTO (89.8) 12.7 Brasg, 25.4 o.d. Detonation

EBW/tetryl (88.7) NIO (89.8) 12.7 Brass, 25.4 o.d. Detonation: plate dent 3.37 mm
deep, volume 1.02 mi

EBW/tetryl (88.7) Tetryl (89.7) 12.7 Brass, 25.4 o.d. Detonation: plate dent 3.42 mn
deep, volume 1.20 mi

EBW/tetryl (88.6) RDX (90.0) 12.7 Brass, 25.4 o.d. Datonation: plate dent 4.03 mm
deep, volume 1.35 mi

EBW/tetryl (88.7) NTO (89.61) 12.7 Brass, 25.4 o.d. oD 6,040 ny/e (s.d. 700)

EBW/tetryl (88.8) NTO (89.61) 12.7 Brass, 25.4 o.d. Va0 5,670 m/e (8.d. 490)

ERN/tetryl (90.0) NTO (89.24) 15.9 Hone Detonation

EBW/tetryl (90.0) HIO (89.74) 15.9 Brass, 25.4 o.d. Detonationt plate dent ¢.14 mm
deep, volume 3.13 ml

FBM/tatryl (90.0) Tetryl ({30.0) 15.9 Brars, 25.4 o.d. Detoration: plate dent 4.57 mm
denop, volume 3.54 ml

B/ tetryl (90.0) NTO (88.65) 15.2 Aray~, 25.4 o.d. NOD M40 m/6 (8.9, 125)

3 UK No ) expleding bhridgewire detonator with a eingle lxmeter pellet, diamster cade s scoopror
charge, vhere etated.

o Sirgle peliet, height apprusbaatoly squal to charge disrctesr, excoit fof 1apt entry vhers Lo
milety of NIO wite uveal.
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TABLE 8

PREPARATION METHODS AND SENSITIVITY DATA FOR 9515 NTO-POLYMER
FORMULATIONS STUDIED

MOULDING POWDER SENSITIVITY DATA
POLYMER PREPARATION METHCD Rotter Fof I ° Tot1(C)
Solvent/non-solvent (gas evolved, ml)
Blvax 650 (Du Pont, 11-13% vinyl acetate) taluene/cycloheane > 200
Elvax 210 (Du Font, 27.2-28.68 vinyl acetate) ethyl acetats/methanol > 200 254, 254
Lovapren 408 (Bayer, 408 vinyl acetate) ethyl acetats/methanol > 200
Folyphosphazens PZX-42 Masterbatch (Ethyl cyclohmane /i sopropanol 95 (2.2) 260, 260

Corp. )

s Relative to RDX grade G = 80
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(a) b

Figure 1 Photomicrographs of unrecrystallised NTO obtained from the nitration of
TO, showing the typical acicular crystal habit (X42).

a? (1))

Tgure 2 NTO recrystallised from water with addition of surfactans (X42).
@) 1% gelatin (b) 1% methyl cellulose
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Igure 8 Photomicrogrmphs of NTO formed during aqueous crystaliisation (X421
) Bulk crystals obtained without stirring
tht Cubic crystals cheorved in the above crystallisation
tcr Twpical bigh bulk density NTOQ obtained during rystallisation with
surring
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Figure 4 Scanning electron microgmphs of NTO and polymer cuyted grunules.

) NTO erystals used for coating operations
) NTO Elvax 210 95:5

¢! NTO Ehlvax 650 95:5

) NTO Polyphosphazone 95:5
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