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Abstract

The lithium (Li) and potassium (K) salts of 3-nitro-1,2,4-triazol-5-one (NTO) and 2,4,6-trinitroanilino benzoic acid (TABA) were prepared
and characterized during this work. The synthesis was carried out by addition of a solution of lithium/potassium hydroxide to the aqueous
solution of NTO and TABA, respectively. The products were characterized by elemental analysis, metal content determination and Fourier
Transform Infrared (FTIR) Spectrum. Differential scanning calorimetry (DSC) profile indicated that Li and K salts of NTO and TABA undergo
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xothermic decomposition in the temperature range of 257–360C suggesting their energetic nature. The thermo gravimetric (TG) w
oss pattern revealed loss of water for Li/K salts of NTO and TABA in the temperature range of 115–155◦C. Sensitivity results reveale
hat the compounds are insensitive to impact and friction (impact sensitivity—height of 50% explosion > 170 cm and friction ins
p to 36 kg) stimuli despite even the parent molecule of NTO salts (NTO) being HEM in the hazard category of 1.1. The FTIR s

he gaseous products evolved during TGA of NTO and TABA salts indicated the release of NO2. The formation of products such as LiNC
nd KNCO was also observed in case of NTO salts, whereas that of CO2 and NH containing products was indicated in case of TABA s
uring this study. In order to assess the performance as energetic ballistic modifiers (EBMs), NTO and TABA salts were incorpor
mmonium perchlorate-hydroxyl terminated polybutadiene (AP-HTPB) composite propellants. The potassium salts enhanced
ate of the propellant. The best catalytic effect was obtained with K-TABA salt, which increased the burning rate to the extent of∼81% as
ell as brought down then-value to 0.15 (pressure 2–9 MPa).
2004 Elsevier B.V. All rights reserved.
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. Introduction

Problems associated with catastrophic mishaps and sym-
athetic detonations have made current explosives such
s 2,4,6-trinitrotoluene (TNT), 1,3,5-trinitro hexahydro-
-triazine (RDX) and 1,3,5,7-tetranitro-1,3,5,7-tetrazocine
HMX) less attractive for specific applications, wherein the
aterials are subjected to extreme conditions while being

ransported or stored and used in operations. In this context,
-nitro-1,2,4-triazol-5-one (NTO) has emerged as a potential
igh performance insensitive explosive, which is being ex-
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plored as a substitute for RDX in munitions[1]. NTO is a
unique high energy material (HEM), which despite belo
ing to UN hazard category of 1.1 is insensitive to mos
the stimuli. The metal salts of NTO are reported[2] as po-
tential primary explosives as well as ballistic modifiers[3].
They fit in the class of energetic ballistic modifiers (EB
as they are envisaged to achieve the catalytic effect on
ing rate without much adverse effect on the energetics o
propellants.

Owing to unique characteristic, EBMs are preferabl
transition metal oxides and ferrocenes currently used as
lysts for improving the burning rate of composite propella
Although, metal oxides like ferric oxide and copper chrom
are highly effective ballistic modifiers, they impose a pen
on the energetics of propellant system due to inert na
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The ferrocene based ballistic modifiers offering high burn
rate propellants, are beset with the additional problem of mi-
gration.

Synthesis of metal salts of NTO has been widely reported
in the literature[2–5]. The acidic nature of NTO favours the
formation of a large number of salts[6]. Transition metal
salts of 2,4,6-trinitroanilinobenzoic acid (TABA) were found
promising for double base system in the studies conducted
by Pundlik et al.[7].

Authors of this paper have recently reported the evalua-
tion of transition metal salts of NTO and TABA in composite
propellant formulation[8]. In continuation of our work on
EBMs, it was planned to examine the effect of addition of
alkali metal salts of NTO and TABA in composite propel-
lants. In addition to Li/K salts of NTO, the new Li/K salts of
TABA were synthesized during this work. The compounds
were characterized and subjected to sensitivity tests to assess
their hazardous nature. The synthesized Li and K salts were
subjected to thermal studies in simultaneous thermogravime-
try cum differential thermal analyzer (SDTA) and differential
scanning calorimetery (DSC). An attempt was made to char-
acterize the decomposition products by FTIR coupled with
TG. The burning rates of metal salts incorporated composite
propellants were determined to assess their potential appli-
cation in composite propellants.
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product was 90% (3.80 g). Li-TABA was also synthesized
on the similar lines (yield: 3.47 g, 89%). The IR spectral
assignments of the Li and K salts of TABA are presented
in Table 1. IR spectra of TABA and the newly synthesized
Li-TABA and K-TABA are given inFig. 1.

2.1.2. Synthesis of NTO salts
NTO was synthesized by refluxing semicarbazide hy-

drochloride with formic acid to obtain triazolone followed
by nitration with the nitric acid as per the reported
method [11]. Yield was 80%. IR Spectrum (Perkin-
Elmer 1600 spectrophotometer-KBr pellet) (Fig. 2) band
at 3210 cm−1 (N H), 1716 cm−1 (C O), 1542 cm−1,
1354 cm−1 (NO2), 1278 cm−1 (N H), 1010 cm−1 (ring) and
730 cm−1 (C–NO2.) DTA: 254◦C (initial temperature,Ti ),
Tmax: 264◦C. DSC:Ti : 251◦C,Tmax: 269◦C.

The [Li(NTO) (H2O)2 and K(NTO) (H2O)] were prepared
on the lines of the reported procedure[2] (Scheme 2). In order
to obtain K-NTO, aqueous solution of NTO was stirred with
potassium hydroxide to obtain dark yellow coloured K-NTO
monohydrate salt. The yield of the product was 90% (33.5 g).
Li-NTO was also synthesized similarly. Yield—89% (30.6 g).
IR spectral assignments of the Li and K salts of NTO are
presented inTable 1. IR spectra of NTO, Li-NTO and K-
NTO are given inFig. 2.
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. Experimental

.1. Synthesis

The starting materials of AR grade required for the s
hesis of TABA and NTO salts were used as purchased
rade.

.1.1. Synthesis of TABA salts
TABA was synthesized by refluxing picryl chloride w

-amino benzoic acid at 70–75◦C, on the lines of reporte
ethod[9]. TABA-IR spectrum (Perkin-Elmer FTIR-160

pectrophotometer-KBr pellet) (Fig. 1) band at 3600 cm−1

O H), 3380 cm−1 (N H), 1674 cm−1 (C O), 1534 cm−1,
348 cm−1 (NO2). DTA—Ti : 300◦C,Tmax: 340◦C.

Alkali metal salts of TABA [Li(TABA)(H2O)2,
(TABA)(H 2O)2] were prepared on the lines of t
ethod established in HEMRL for transition metal s

9,10] (Scheme 1). In order to obtain K-TABA, 0.56 g o
0.01 mol) KOH was dissolved in 15 cm3 of distilled water
n a beaker. It was kept under stirring and heated u
5–60◦C. Subsequently, 3.48 g (0.01 mol) of TABA w
dded to the above solution over a period of 15 mi
5–60◦C under continuous stirring. The reaction mixt
as maintained at 55–60◦C for about 30 min. Subsequen

t was digested for 30 min and solvent was evaporate
ryness to obtain yellow coloured K salt of TABA. T
roduct was washed successively with cold water as w
thanol and dried at room temperature for 48 h. Yield o
. Characterization

.1. Metal content and elemental analysis

An atomic absorption spectrophotometer (Chemito 2
as used to determine the metal content of the salts. Th
ental analysis was carried out on a Perkin-Elmer elem
nalyzer (Model no. 240).

.2. Spectral characterization

Structural features were confirmed by Fourier transfo
nfrared spectrophotometer (FTIR, Perkin-Elmer 1600).

.3. Thermal studies

Thermal decomposition pattern of the salts was s
ed thermogravimetrically at a heating rate of 10◦C/min,
sing a thermal analysis system of Mettler Toledo m
TG/SDTA-8551) in nitrogen atmosphere (sample m
f ∼1 mg). The gaseous decomposition products w
haracterized by FTIR (Bruker make– Equinox 55)
onjunction with TG. The DTA profiles were recorded
ng 1 mg sample by means of an in-house assembled
erential thermal analyzer. DSC was recorded on Pe
lmer make (DSC-7) instrument under similar experim

al conditions (heating rate of 10◦C/min and nitroge
tmosphere).



P.B. Kulkarni et al. / Journal of Hazardous Materials A119 (2005) 53–61 55

Fig. 1. IR spectra of TABA, Li-TABA and K-TABA.

Scheme 1. Synthesis of alkali metal salts of TABA.

Table 1
Characterization of salts of NTO and TABA

Li-TABA K-TABA Li-NTO K-NTO

Molecular formula (C13H7N4O8)− Li+ 2H2O C13H7N4O8)− K+ 2H2O (C2HN4O3)− Li+ 2H2O (C2HN4O3)− K+ H2O

Colour Orange Yellow Faint yellow Dark yellow

IR (cm−1) C O 1600 1600 1634 1640
NO2 1542, 1334 1540, 1334 1516, 1316 1508, 1308
C N 1408 1396 1385 1388

Metal content (%)a 1.77 (1.79) 9.10 (9.24) 3.86 (4.07) 21.6 (21.00)

Elemental Ca 39.51 (40.00) 36.58 (36.96) 14.04 (13.95) 13.00 (12.90)
Analysis H 2.81 (2.82) 2.50 (2.60) 2.81 (2.91) 1.59 (1.61)
(%) N 14.21 (14.35) 13.43 (13.27) 32.60 (32.56) 30.45 (31.10)

Impact sensitivity height of 50% explosion (cm) >170

Friction sensitivity (kg) >36
a The metal content and elemental analysis values given in bracket are theoretically calculated figures.
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Fig. 2. IR spectra of NTO, Li-NTO and K-NTO.

3.4. Sensitivity characterization

The sensitivity of the synthesized compounds to impact
stimuli was determined by applying standard Bruceton stair-
case method using a 2 kg drop weight and height for 50%
probability of explosion (h50%) was determined statistically
[12]. The figure of insensitivity (F of I) was computed by
using tetryl (Composition Exploding-CE), as reference. The
friction sensitivity of the compound was determined on a
Julius Peters apparatus by incrementally increasing the load
from 0.2 to 36 kg, till there was no ignition/explosion in five
consecutive test samples.

3.5. Propellant formulation

Propellant compositions comprising 78% AP and 22%
cross-linked polybutadiene binder along with two parts of

Scheme 2. Synthesis of alkali metal salts of NTO.
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TABA/NTO salts over 100 parts of the composition (by
weight) were prepared by slurry-cast technique[13]. Binder
components sans curative [12% prepolymer-hydroxyl ter-
minated polybutadiene (HTPB) and 8% plasticizer-dioctyl
adipate (DOA) along with 0.3% processing aid-lecithin and
0.5% cross-linker cum antioxidant–pyrogallol] were added to
a planetary mixer and heated to 55± 3◦C by circulating water
in its jacket oven. The contents were mixed for 20 min under
vacuum (5–10 torr) for half an hour. AP [monomodal—9�m]
was added to the binder in three installments and mixed
for half an hour. Mixing was continued for an additional
hour under vacuum (2–5 torr). The contents were allowed
to cool to room temperature and the curative-toluene diiso-
cyanate (TDI) was added (1.2%) in 1:1 (OH: NCO) stoi-
chiometry with respect to HTPB. Final mixing was carried
out for half an hour under vacuum (5–10 torr). The slurry
was cast in evacuated mould (2–5 torr) and cured at 70◦C for
8 days. HTPB (molecular weight, Mn 2200, hydroxyl value
42 mg KOH/g, functionality 2, viscosity < 70 Poises at 30◦C)
manufactured by NOCIL, India, was used for the present
work.

The burning rates of the propellant were measured in a ni-
trogen pressurized (1.8–10.8 MPa) strand burner by sensing
acoustics signals (transmitted through water) from deflagrat-
ing samples by piezoelectric transducer (resonance frequency
2
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(C13H7N4O8)− M+ 2H2O (where M = Li, K) for TABA salts
and (C2HN4O3)− Li+ 2H2O and (C2HN4O3)− K+ H2O for
NTO salts.

4.2. IR spectral analysis

The spectral patterns obtained for NTO and TABA are
in close agreement with the reported data[1,9,10]. TABA
displayed characteristic IR stretching frequency at 3600
and 1674 cm−1 due to hydroxyl and carbonyl groups, re-
spectively. The formation of Li/K salts of TABA was con-
firmed by the absence of –OH frequency (3600 cm−1)
and the negative shift in the carbonyl frequency from
1674 to 1600cm−1. The appearance of new IR bands
at 500–600 cm−1 may be attributed to O−–M+ linkage
(Fig. 1)

In the metal salts of NTO (Fig. 2) negative shift in the
NO2 absorption bands was observed. The carbonyl fre-

quency also shifted from 1716 to 1634–1640 cm−1 as in case
of TABA salts (Table 1).

4.3. Thermal studies

Both the NTO and TABA salts underwent multistage de-
composition.
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00 kHz) and recording the perturbance[14].

. Results and discussion

.1. Metal and C, H, N content

The experimentally determined metal and C, H, N c
ents (Table 1) of the salts were in close agreement with
heoretical values corresponding to the general formu

Fig. 3. DSC of
.3.1. M(NTO)(H2O) (M=Li, K)
The representative DSC result obtained for Li-NTO

s depicted inFig. 3 and TG results are given inFig. 4. In
SC, Li-NTO salt exhibited two-stage decomposition.
rst stage was endothermic, whereas exothermicity wa
erved in the second stage. The endotherm was recorded
emperature range of 97–124◦C and the exotherm appear
n the temperature range of 270–320◦C with peak decom
osition temperature (Tmax) at 295◦C. In TG, weight los

A and Li-NTO.
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Fig. 4. TG of NTO and TABA salts.
Fig. 5. TG-FTIR o
f NTO salts.
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corresponding to DSC endotherm was 20%, which can be
co-related with the loss of two water molecules. The weight
loss recorded in the second stage corresponding to exotherm
in DSC was 36%.

K-NTO exhibited three-stage decomposition in DSC. The
first and second stages were endothermic and occurred al-
most consecutively in the temperature range of 135–180
and 180–200◦C, respectively. The exothermic decomposi-
tion was exhibited in the third stage in the temperature range
of 247–268◦C with Tmax at 257◦C. The total weight loss of
9% observed in the TG corresponding to endothermic stages
in DSC, is in close agreement with the calculated loss of water
molecules. The weight loss corresponding to DSC exotherm
amounted to 78% and occurred in the temperature range of
241–260◦C with maxima at 251◦C.

The FTIR spectra of the decomposition products of NTO
salts obtained during TG are given inFig. 5. The gaseous
products exhibited absorption bands attributable to NO2
group at 1516 and 1312 cm−1. The FTIR spectra also exhib-
ited bands at 2239 and 2200 cm−1 suggesting the formation
of LiNCO and KNCO, respectively (Scheme 3). This is in
line with the decomposition pattern of NTO salts reported
by Brill [15]. They observed sharp absorbing modes in IR
spectra of gaseous products of Li-NTO and K-NTO at 2254
and 2185 cm−1, respectively.

4
salt

i

Scheme 3. Decomposition pattern of metal salts of NTO.

both Li and K salts of TABA exhibited two-stage decompo-
sition. The first endothermic decomposition occurred in the
temperature range of 115–140◦C. The second exothermic
stage was observed in the temperature range of 330–400◦C
for Li-TABA with Tmax at 360◦C, whereas K-TABA, exhib-
ited exothermic decomposition in the temperature range of
250–350◦C with Tmax at 274◦C. In TG, Li and K salts of
TABA showed a weight loss of 8–9% corresponding to the
endotherm in DSC, which can be accounted for the loss of
water molecules. The weight loss corresponding to exotherm
in DSC was 81% for Li TABA in the temperature range of
300–370◦C and 31% for K-TABA in the temperature range
of 210–360◦C.
.3.2. M (TABA)(H2O) (M=Li, K)
The representative DSC result obtained for Li-TABA

s depicted inFig. 3and TG results are given inFig. 4. In DSC,
Fig. 6. TG-FTIR of
 TABA salts.
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The FTIR spectrum (Fig. 6) of the decomposition products
of the alkali metal salts of TABA also exhibited peaks corre-
sponding to NO2 (1517 cm−1). In addition, IR bands corre-
sponding to CO2 (2377 cm−1) and NH (3266 cm−1) contain-
ing species were also observed. Formation of CO2 might have
occurred due to decomposition of COO− group as reported
earlier[8].

4.4. Sensitivity studies

The results of sensitivity tests are given inTable 1. Sen-
sitivity test results revealed that the Li/K salts of NTO and
TABA are insensitive to mechanical stimuli (impact sensitiv-
ity h50%> 170 cm and friction insensitive up to 36 kg). How-
ever, the exothermic nature of the Li/K salts of NTO and
TABA suggests their susceptibility to thermal hazards, entail-
ing that these salts need to be handled by highly skilled HEMs
chemists/scientists during their synthesis, characterization,
scale up, storage, transport and evaluation. The unplanned
accidental initiation of these materials can cause explosion.

4.5. Propellant formulation

The results of the burning rates of propellant formula-
tions are given inTable 2. The influence of TABA and NTO
s llant
w TO
i bus-
t ibit
a On
t . Al-
t the
e BA
p entire
p he K-

Table 2
Catalytic effect on burning rates of composite propellants

Composition Burning rate (mm/s) n (2–9 MPa)

2a 3a 5a 7a 9a

Control 5.3 6.2 7.1 7.9 8.9 0.33
Control + Li-

TABA (2 parts)
5.4 6.1 7.1 8.0 9.1 0.34

Control + K-TABA
(2 parts)

9.6 10.2 10.9 11.1 12.4 0.15

Control + K-NTO
(2 parts)

5.3 6.6 9.1 10.0 10.0 0.41

Control + Li-NTO
(2 parts)

Extinguished

Control: AP—78%, HTPB binder—22%,n: pressure index.
a Pressure (MPa).

Table 3
DSC results of ballistically modified AP-HTPB propellants

Composition Peak temperature (◦C)

Endo Exo I Exo II

Control 248 345 397

Control + Li-TABA (2 parts) 242 357 –

Control + K-TABA (2 parts) 242 334 –

Control + K-NTO (2 parts) 243 341 –

TABA incorporated composite propellant were of the order
of 9.6–12.4 mm/s in the pressure range of 2–9 MPa compared
to those of 5.3–8.9 mm/s for control. It also brought down the
pressure exponent of burning rate (n) to 0.15 from 0.33 (con-
trol). This is an interesting observation, as alkali metal salts
are widely known as burning rate suppressants[16,17].

NTO salts incorporated propellant formulations were also
subjected to DSC studies (Table 3andFig. 7). In DSC, the
control propellant exhibited an endotherm at 248◦C followed
by two exotherms with peak decomposition temperature

ABA s
alts on the burning rates of AP-HTPB composite prope
as determined in the pressure range of 2–9 MPa. Li-N

ncorporated propellant did not undergo sustained com
ion in the experimental set up and Li-TABA did not exh
ny remarkable effect on the burning rates of control.

he other hand, K salts exhibited positive catalytic effect
hough, K-NTO enhanced the burning rates merely to
xtent of 2–12% in the pressure range of 3–9 MPa, K-TA
roduced 40–81% burn rate enhancement effect in the
ressure region studied. The burning rates obtained for t

Fig. 7. DSC of NTO and T
 alts incorporated propellant.
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(Tmax) at 345 and 397◦C. These trends are in line with those
well reported for AP in the literature[18]. The incorpora-
tion of K-NTO and K-TABA (Fig. 7) led to decrease in
peak decomposition temperature of the exotherm suggesting
their catalytic effect on the decomposition process in con-
densed/near surface gas phase of the propellant. The effect
was relatively more pronounced with K-TABA (decrease by
11◦C). The relative shift inTmaxmay be correlated with their
overall catalytic effect of K-TABA and K-NTO salts on the
burning rates of the composite propellants studied during this
work.

5. Conclusions

Two new alkali (Li and K) metal salts of 2,4,6-
trinitroanilino benzoic acid (TABA) have been synthesized
and characterized in the present study on the lines of the
methodology established in HEMRL. Li and K salts of NTO
were synthesized on the lines of the reported procedure. Im-
pact and friction sensitivity results of the synthesized salts
revealed their insensitive nature towards mechanical stimuli.
However, thermolysis indicated the exothermic decomposi-
tion in the temperature range of 257–360◦C. The burning
rate studies on the alkali metal salt incorporated AP-HTPB
c lt of
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