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Abstract

Mercuric-5-nitrotetrazole (MNT) was synthesized on using a reported method. The product having bulk density of*] \Gagahtained
during this work using mercuric nitrate doped with additives such as cephol/dextrin in the process. Synthesized MNT was characterized by
metal content analysis, IR and ESCA. The DTA profile indicated the thermal stability of MNT up t€C200revealed its higher thermally
sensitive [thermal sensitive figur&)(~0.8] in comparison to that of service lead azide (SL8){ 0.4]. Percussion sensitivity data also
showed higher sensitivity of MNT. However, it was found less friction sensitive than SLA. The chemical stability of MNT in a carbon
dioxide environment was evaluated in comparison to SLA by determining mercury (gravimetrically) and lead azide (volumetrically) contents

respectively. Results obtained indicated that no discernable changes occurred in MNT, even after storage for 90 days while in case of SLA,
drastic change in lead azide content was observed. IR spectra of MNT sample stored in a closed aluminum dish for 5-10 years could be
superimposed on that of the freshly prepared MNT sample. The performance of MNT filled detonator no. 27 assessed in terms of extent of
damage on a witness plate was found equivalent to that of the standard ASA (azide, styphynate and aluminium) composition filled detonator.
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1. Introduction

Lead azide is a primary explosive, which is ranked top
amongst the conventional initiators, and is being most
widely used in service detonators. In spite of its best initiat-
ing and filling properties, it suffers from certain drawbacks
like, (a) high friction sensitivity, (b) tendency to undergo hy-
drolysis in the presence of moisture, (c) rapid deterioration
in a carbon dioxide environment, and (d) incompatibility
with copper (a component of the detonator fuze casing).
The search1-3] is on for superior replacement of lead
azide in primary explosive compositions. Among lead free
primary explosives, the most promising initiator is silver
azide [4]. Although silver azide has far better shelf life
[4] in comparison to lead azide, it is much more sensitive
to friction stimuli. Further, it is difficult to obtain silver
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azide in free flowing form with high bulk density. More-
over in view of the high cost, silver azide is being used
only for specialized applications. Recently, co-ordination
compoundg5-8] containing near stoichiometric fuel and
oxidizer fractions have evinced great interest. The ex-
tensive study on the relationship between structure of
co-ordination compound and explosive properties has been
reported by various research grouf®-11]. Nickel and
cobalt complexes appear suitable for detonator applications.
Nickel hydrazinium nitrate (NHNJ12-14] may find wide
ranging applications in conventional detonators whereas
bis-(5-nitrotetrazoletdN?)-tetraamine cobalt perchlorate
(BNCP) has emerged as an energy producing component
for semi conducting bridge (SCB) initiator applications
[15-18] Mercuric salt of nitro tetrazole (MNT) is being
investigated[19-21] as primary explosive filling in UK
[2,3,22] USA [20,23] and Australia[21]. Von Herz [24]
reported the synthesis of MNT from Cu(NoANT-4H,0

by the diazotisation of 5-aminotetrazole monohydrate (AT)
in presence of excess of nitrite and cupric sulphate. The



28 M.B. Talawar et al./Journal of Hazardous Materials A113 (2004) 27-33

original patented24] process of MNT reported by Herz azide and hydrochloric acid. Sodium nitrite, ethylene di-

suffered from the drawbacks such as low yields and the pooramine, mercuric nitrate and copper sulfate (A.R. grade) ob-

physical form rendering the filtration of the product diffi- tained from the trade were used as such without further pu-

cult. The process was also beset with hazards of occasionatification.

minor explosions. Bates et [25] reported higher yields of

MNT by altering the reaction parameters. It is also reported 2.2. Synthesis of MNT

[22—-23,26]that MNT has shown to be very effective single

component detonant with greater output than lead azide. The MNT was prepared according to the method reported

It is claimed that in contrast to lead azide, the MII7] by Redman and SpedR0]. Thus, 5-aminotetrazole was

possess the advantage of excellent inflammability even intreated with sodium nitrite and copper sulfate to obtain

a moist environment. Further, its stability is not influenced Cu(NT)RHNT-4H,O (where NT: nitrotetrazole)31]. The

by the presence of carbon dioxide and it may be stored copper salt was subsequently converted to ethylene diamine

without deterioration in tropical climates. Its sensitivity to complex The MNT was obtained by treating the complex

electrostatic initiation is also relatively less than that of the with mercuric nitrate in HN@ medium. The precursors and

primary explosives in use. Unlike mercury fulminate, MNT final product were air dried. An outline of the reaction is

does not get dead pressi?]. given in Scheme 1The synthesis of the compounds was

As detailed information on MNT is not readily available carried out in fuming hood behind protective polycarbonate

in open literature, the work on it was continued in addition shield in stainless steel reaction vessel.

to research on energetic co-ordination compoui2&s-30]

by the authors particularly from the point of data generation 2.2.1. Preparation of MNT with additives

with respect to its application. The multifaceted studies on A scheme[20] similar to that described above was

MNT encompass synthesis in high bulk density, characteri- followed for preparing MNT incorporated with additives

zation, thermolysis, stability and performance evaluation in (cephol/dextrin). A concentrated nitric acid (2 &niluted

detonator no. 27. with water (5cni) was added over a period of 15m to
a mechanically stirred solution of 0.0025g cephol/dextrin
and 2.5 g of Cu(er(NT), in 30 cn? water, It was followed

2. Experimental by the addition of aqueous solution of mercuric nitrate
(7 cnP). The reaction mixture was heated at 652@0with
2.1. Materials constant stirring for nearly 30 m and then allowed to cool

down to 55°C. Subsequently, the supernatant solution was
The starting material, 5-aminotetrazole was prepared in decanted, and the product obtained was washed with water
the laboratory by interaction of dicyandiamide with sodium (5 x 10cn?). The compound was filtered and air dried.

HoN—C—NH—CN  NaNy HN= =N

NH HCI NH
LA
~N”7 \NH,.H,0
|
H
NaNO, | HCl
CuSOy4
N—N
N—N [ CuSO
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Scheme 1. Synthesis of MNT, where en: ethylene diamine; NT: nitrotetrazole.
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2.3. Characterization dation of MNT vis-a-vis SLA. Samples were also placed
on copper foils in similar environment to observe the visual
2.3.1. Metal content analysis changes in foil at its point of contact with the compounds.
The purity of the MNT was checked by determining the
mercury content by gravimetric methd82]. The experi- 2.3.8. Performance evaluation in detonator no. 27

mentally determined metal content of MNT (Hg: 46.54 %) MNT (100/200/300 mg) was filled into the stem of tubular
was found to be in close agreement with the theoretical value detonator no. 27 and pressed at 30 MPa pressure with dwell

(Hg: 46.85 %). time of 45s to assess its potential as primary explosive for
detonator application. Safety fuse with a 20cm length was
2.3.2. IR spectral analysis inserted into the tubular detonator touching the filled MNT

FT-IR spectra of the synthesized compound and sampleslayer and crimped softly. Relative humiditiR{) of <55%
drawn at regular intervals were recorded on a Perkin-Elmer was ensured in the process room throughout the filling oper-

IR Spectrophotometer Model 457. ation. The MNT filled tubular detonator was held vertically
on a 3mm lead plate and the safety fuse was initiated by

2.3.3. Electron spectroscopy for chemical analysis (ESCA) safety match. Damage to the lead plate, if any, was measured

studies in terms of the diameter of the neatly punched crater.

The ESCA of the samples was measured on ESCA 3000, In the next set of experiments, secondary explosive
(VG Microteck, UK) instrument, using MgK(1253.6 eV) tetryl/pentaerthritol tetranitrate (550mg) was filled into
as radiation source. The binding energies of all the ele- tubular detonator no. 27 and pressed at 10 MPa pressure
ments were corrected by considerings®inding energy  with dwell time of 45 s. Subsequently, MNT was introduced
= 285.0eV as internal standard. The analysis of each com-and pressed as in previous instance. The safety fuse of
plex was carried out under high vacuum of the order of 20cm length was inserted into the filled tubular detonator

10~ torr. touching the layer of MNT and crimped softly. The evalua-
tion was carried out as above. A minimum of 10 detonators
2.3.4. Bulk density were tested for each experimental composition.

Bulk density of MNT was determined by standard proce-  The standard detonator no. 27 containing ASA [SLA:
dure adopted for initiators i.e. measuring of volume of so- 65%, lead styphnate (LS): 32.5% and Al: 2.5%] pressed
lution in butanol in a standard graduated tube, every 30 m above the initially pressed base charge of high explosives
until two successive readings remained unchanged. CE/PETN/RDX was used as a reference.

2.3.5. Thermal studies 2.3.9. Method of disposal

A micro DTA apparatus designed and fabricated in the  MNT could be disintegrated on adding to 20% sodium
laboratory was used for thermal analysis. The temperaturehydroxide solution with stirring and can be disposed off after
measurements were made using Pt/Pt—Rh (13%) thermocou48 h. This method may be used for the safe destruction of
ple in conjunction with universal temperature programmer these materials.
(Precisiont0.1°C) at the heating rates of 5 and AG/min.
Ignition temperature was determined by DTA as well as by
using woods metal bath at the heating rate &fb. 3. Results and discussions

2.3.6. Senditivity characterization 3.1. Infrared spectral studies

Percussion sensitivity was measured using ball drop ap-
paratus fabricated in the laboratory. Friction sensitivity mea- ~ The MNT showed the IR frequencies at 680 and 800tm
surements were made on a Julius Peters Friction sensitivitydue to Hg—N linkage. The absorption assignable to tetrazole
apparatus for primary explosives. The sample was kept be-ring appeared at 1460 cth. The two strong absorptions at
tween a fixed corrugated (rough) plate and a movable stain-1565 and 1340 cmt exhibited the characteristic frequen-
less steel plate. The movable plate was pulled at varying cies for asymmetric and symmetric vibrations due to,NO
lever loads to subject sample to different levels of friction. group of nitrotriazole. The other vibrations observed in the

IR spectrum at 860, 1040, 1100 and 1190¢may be at-

2.3.7. Chemical stability studies tributed to heterocyclic ring frequencies.

The chemical stability of MNT was compared with that
of service lead azide (SLA) by monitoring chemical changes 3.2. Electron spectroscopy for chemical analysis (ESCA)
in the compounds exposed to an atmosphere of carbon diox-studies
ide saturated with moisture created in desiccators containing
a saturated solution of sodium carbonate. The samples of Electron spectroscopy for chemical analysis (ESCA)
MNT and SLA were withdrawn periodically. The mercury data of the precursor [Cu (effNT),] and the final product
and lead azide content were determined to assess the degrgMNT] studied during this work is given imable 1 The
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Table 1
ESCA analysis results of complexes [Cu(gh)T),and MNT]
Nomenclature Binding energy (eV)

Carbon (Gs) Carbon (Gs) Oxygen (Qs) Nitrogen (1, Ns) Nitrogen (2, Ns) Metal ion
Cu(en}(NT)z 285.0 287.3 532 399 401 933.2 (Cuszy)
MNT 285.0 287 534.5 400 406.8 1037 (HgzAH

Where en: ethylene diamine; NT: nitrotetrazole; MNT: mercuric-5-nitrotetrazole.

presence of nitrogen in two different environments (i.e. ni- appreciable change in bulk density. Thus, cephol was found
trogen in nitro group and tetrazole ring) was indicated by effective in obtaining MNT with improved bulk density of
the presence of two sharp peaks in the binding energy rangethe order of 1.5g/cthwith change in crystal shape from
of 399-400 and 401-407 eV, respectively. The prominent granular to hexagonal whereas dextrin doped mercuric ni-
peak in the binding energy range of 532-534.5eV con- trate yielded non-uniform product. H§83] and McGuchan
firms the presence of oxygen in the precursor as well as[2] reported the crystal modified forms of MNT. Researchers
final product. The binding energies of central metal atoms [21] from Australia also made little mention about the prepa-
were observed at 1037 and 933.2eV due to Hg and Cu ofration of MNT with bulk density of 1.18 g/cfwithout dis-
MNT and Cu(em)(NT),, respectively. The binding energies closing the process details including the nature of additive
observed for different elements are in agreement with the used.

standard valuesTéble 1 and those of Cu and Hg matched

with the stable oxidation state of II. 3.4. Thermal studies

3.3. 9ynthesis of MNT having bulk density 1.5g/cm’ The thermal profiles of MNT at different heating rates are
shown inFig. 1 It gave an exotherm witfi,ax of 228 and
Two routes are reportg@Q] for the preparation of MNT,  230°C at the heating rate of 5 and 10/min respectively.
one via sodium salt of nitro tetrazole and the other via cop- Ng thermal effects were observed in DTA output till the on-
per salt of bis ethylene diamine complex of 5-nitrotetrazole. ggt temperature of 20€. The SLA also did not undergo
The second route is preferred during this work (prepara- thermal changes till the onset temperature of 3D0The rel-
tion scheme) in view of the extremely high sensitivity of aively lower decomposition temperature of MNT than that
sodium salt of nitrotetrazole formed as precursor in the first of 5| A is indicative of its ease of thermal initiation than that
route, introducing an element of hazard of explosion during of |atter. The ignition temperature of MNT (228) in con-
dehydration process. The physical appearance and the bulk,entional woods metal bath was also found lower than that
density of the product realized with different starting and for S| A, The relatively higher sensitivity of MNT to thermal
dopant materials are summarizedable 2 Mercuric nitrate  gtimyli compared to SLA was also revealed by the observa-
yielded product of higher bulk density (1.25gRmcom- o that the DTA of SLA could be recorded with samples
pared to that obtained with mercuric oxide (0.92 gfgrithe as large as 10mg and at heating rate of @0nin whereas
additives are known to modify the crystal morphology with \NT detonated during DTA conducted at the heating rate

of 5°C/min with the sample weight as low as 3-4mg. The

Table 2 thermal sensitivity value§) may also be defined in terms of
Bulk density and the nature of crystals obtained for MNT batches the ratio of height of DTA profile to half its width. It was
Serial Mercury Physical appearance Bulk also found higher for MNT (0.8) despite smaller sample size
number salt/dopant density (3 mg) than that (0.4) for SLA (10 mg)éble 3.
used (g/ce)
1 HgNGs Uniform granules 1.25
2 HgNG; Uniform round granule 1.20 228°C 327°C
3 HgO With plate form 0.92
4 HgNG3 Uniform granules 1.20 _A .
5 HgO Uniform granules with 0.92 ‘/\5 CIMINUTE
plate form 345
6 HgO Uniform granules with 0.85 .
plate form z30° ,
7 HgNOs/dopant Hexagonal in shape 15 10°C/MINUTE
8 HgNGOs/dopant Not uniform, truncated, 1.15
uneven crystals
9 HgO/dopant Uniform hexagonal 0.9 MNT(3mg) SLA(10m9)

particles with few
plates Fig. 1. Thermal profiles of MNT and SLA.
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Table 3 5 6 7 8 910 12 14 16 M
Thermal and mechanical sensitivity data for SLA and MNT ) i i T T
w
Serial Properties SLA MNT g Nf\r
number <
=
1 Ignition temperature°C) DTA 327 (10) 228 (3) =
(5°C/min) (sample weight, mg) ‘%
2 Thermal sensitivity § DTA 0.4 (10) 0.8 (3) <Z( 5
5°C/min (sample weight, mg) 4 y NT
3 Percussion sensitivity (ft lbs/#). 9.7 2.0 2 NT
4 Friction sensitivity (50%E, g) 30 500 P < |~ A
C-NoZTV GNC-N , MN
Table 4 2000 1800 1600 1400 1200 1000 800 600
Comparative stability of MNT and SLA under an atmosphere of carbon Cm'

dioxide saturated with moisture

Fig. 3. IR spectra of fresh and stored samples of MNT.

Serial Storage Percentage Percentage of
number period (days) of Hg in lead azide in

MNT SLA absorption corresponding to azide group (4r8) was ob-
1 0 46.54 97.1 served. The appearance of absorption bands with increasing
2 4 46.11 93.2 intensities observed at 7.2, 12 anduld may be attributed
i ;411 féﬁ ?g'i to the formation of the carbonates. It is also worth to men-
5 21 45.45 70.2 tion an interesting observation that IR spectfég( 3) of
6 40 45.67 53.5 MNT stored in an aluminum dish for 5 and 10 years super-
7 60 46.33 41.7 imposed over the IR spectra of freshly prepared compounds.
8 90 46.47 30.2 Compatibility of SLA and MNT with copper was also as-

sessed by visually observing change in color of copper foil
having sample placed on it in desiccators. In case of MNT,
no visual change in the copper foil was observed even after
90 days, whereas considerable blackening of the copper foll
was visible in case of SLA within 50 days indicating the
greater compatibility of MNT with copper under these con-
ditions. The blackening of the copper foil housing SLA is
indicative of the formation of sensitive copper azide due to
the reaction of hydrazoic acid liberated from the decompo-
ition of latter (SLA) with Cu. These results bring out that
NT is relatively more stable than SLA.

3.5. Chemical stability

Results of the chemical stability studies on SLA and MNT
under an atmosphere of carbon dioxide saturated with mois-
ture are given inTable 2 The variation of the lead azide
content or the mercury content of MNT in the two samples
with storage time is depicted Ifig. 21t can be inferred that
no discernable change occurred in the Hg content of MNT
even after storage for 90 days whereas lead azide content o

SLAhdecreased tp aboubt'lhalf \;Vit:in 50 day=ble 4& The higher stability of MNT in carbon dioxide atmo-
The comparative stability of the two compounds (MNT sphere may be due to higher ionization potential [84] of

and SLA) under similar conditions was also monit(_)red by mercury (10.4 eV) than that of lead (7.4 eV). Further, higher
IR spectroscopy. The IR specira of the samples withdrawn dispersal ofrr electronic density in the aromatic nitrotetra-

at regular intervals are presentedHig. 3 andFig. 4 The
mtensmes of the absorptlpns of MNT withdrawn at d|ffer-. anticipated to confer higher stability on the MNT.
ent intervals did not exhibit appreciable change, whereas in

f SLA derable d i the i - ¢ A highly strained molecular configuration of the azide
case o » & considerable decrease In the intensities ofj, . asymmetric arrangement around lead atom, may also

contribute towards the possibility of its reaction with the

zole ring compared to that in azide group of SLA is also

100 moieties capable of forming less strained structures.
80 3.6. Sengitivity to mechanical stimuli
>.
=R The results of the percussion and friction sensitivity stud-
% ies are presented ifable 3The height for 50% probability
e of percussion of MNT using a ball of 3/4diameter was
& 401

12in. whereas SLA gave corresponding value of 14vih
the ball of 7/8 diameter. These results bring out that MNT
o 40 60 80 100 is more sensitive to percussion than lead azide. The impact
STORAGE TIME (DAYS) sensitivity values reported by Redman and Sp2a/35]us-
ing ball and disc method were in the range of 4-8 cm for
Fig. 2. Effect of carbon dioxide atmosphere on MNT and SLA. the detonation of all MNT samples. Interestingly, the fric-
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Fig. 4. IR spectra of fresh and stored samples of SLA.
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