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Abstract

As a sequel to the previous study, the burning characteristics of azodicarbonamide (ADCA)/ammonium nitrate (AN)

based mixtures were studied, where either MnO2, Cu or basic copper nitrate (BCN) was selected as an additive in this

study. From chemical equilibrium calculations, linear burning rate tests, and rate-of-pressure-rise tests, the following

conclusions were obtained : (1)the calculated values of adiabatic flame temperature and heat of explosion of all ADCA/

AN based mixtures were higher than those of guanidinium nitrate (GN)/strontium nitrate (SrN) /basic copper nitrate
(BCN) mixture; (2)ADCA/AN /MnO: mixture did not burn readily at or below 0.5 MPa N2 atmosphere, showing
relatively poor ignitability ; (3)the addition of Cu accelerated the linear burning rate and also generally decreased the

pressure exponent of Vieille’s equation as compared to ADCA/AN mixture, while it also accelerated the rate-of-pressure-

rise, exceeding that of GN/SrN/BCN mixture that used commercially, while in the case in which BCN was added, its rate-

of-pressure-rise showed a close value.
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1. Introduction
Recently, a number of researches and developments of

new gas generating agents, using ammonium nitrate (AN)
as an oxidizing agent, have been carried out” . The
advantages of using AN as an oxidizer are its low cost and
high gas yield, but it is difficult to ignite, and the burning
rates of its mixtures are generally slow. In order to solve
the problem of low combustion characteristics, we
selected a foaming agent, azodicarbonamide (ADCA) as a
fuel, and copper (1) oxide (CuO) was used as an additive
in the previous study?. In this study, manganese dioxide
(MnOQOg3), copper (Cu) or basic copper nitrate (BCN) was
selected as an additive for improving combustion
characteristics, and their burning characteristics were
compared.

2. Experimental
2.1 Samples

Figure 1 gives the structural formula of ADCA. After
drying ADCA (75150 #m particle size) and AN (75—149

NH,

Figure 1 Chemical structure of azodicarbonamide (ADCA)

pm particle size) separately, they were mixed in
stoichiometric ratio (ADCA: AN=26.6% : 73.4%). Then,
with the addition of 10% by weight of MnO2, Cu or BCN to
100% of ADCA/AN mixture, the mixtures were prepared
by mixing with a rotational mixer.

2.2 Chemical equilibrium calculation

The details of the procedures of the chemical
equilibrium calculation could be found elsewhere?. The
results of calculated adiabatic flame temperature and heat
of explosion of the mixtures were compared with those of
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Table1 Adiabatic flame temperature and heat of explosion

for ADCA/AN based mixtures.

Adiabatic flame .
Heat of explosion
Sample temperature Jg1]
K]

ADCA/ANY 25437 3295.6
ADCA/AN/Cu0Q? 24059 29145
ADCA/AN/MnOz2 2403.0 29339

ADCA/AN/Cu 2467.1 2996.5
ADCA/AN/BCN 2385.1 2868.9
GN/SrN/BCN% 2366.0 25524

ADCA/AN mixture, ADCA/AN/Cu0O 10% mixture and
guanidine nitrate (GN)/strontium nitrate (SrN)/BCN
mixture in the previous study?.

2.3 Linear burning rates test

The details of the procedures of the linear burning rates
test could be found elsewhere?. The results of linear
burning rates () of the mixtures were compared with
those of ADCA/AN mixture, ADCA/AN/CuO 10%
mixture and GN/SrN/BCN mixture in the previous
study?.

2.4 Rate-of-pressure-rise test

The details of the procedures of the rate-of-pressure-rise
test could be found elsewhere?. The results of rate-of-
pressure-rise (4P/A4t) of the mixtures were compared with
those of ADCA/AN mixtures, ADCA/AN/Cu0O 10%
mixture and GN/SrN/BCN mixture in the previous
study?.

3. Results and discussion
3.1 Chemical equilibrium calculation

Table 1 shows the results of chemical equilibrium
calculation using the ICT Thermodynamic Code®. The
results? for ADCA/AN mixture, ADCA/AN/Cu0O 10%
mixture and GN/SrN/BCN mixture were also compared.
The adiabatic flame temperature of all ADCA/AN/
additive mixtures tested in this study were lower than
ADCA/AN mixture, but they were higher than that of GN
/SrN/BCN mixture, and it was not possible to reach below
2200 K® that was recommended as a desirable value. As
for the calculated heat of explosions for all mixtures, they
were lower than 3300 J-g7'% that was suggested for a
desired value as a gas generating agent, hence it is
suggested that there is no problem with the ADCA/AN
based mixtures with regard to the heat of explosion.

3.2 Influence of additives on the burning rate
3.2.1 Linear burning rates test

Figure 2 shows the results of log-log plot of P (the
average absolute pressure) vs 7 for ADCA/AN based
mixtures. Sustained burning was observed for almost all
mixtures from an initial gauge pressure of 0.1 MPa, except
for ADCA/AN/MnO; mixture which could not be ignited
by heated nichrome wire at or below 0.5 MPa. It was also
shown that while the addition of Cu, CuO or BCN
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Figure2 Linear burning rates for ADCA/AN based

mixtures.

Table2 Values of @ and # of the Vieille’s law for ADCA/AN
based mixtures.

a n
Sample [mm-s~1-MPa~1] [-1]
ADCA/ANY 0.70 0.73
ADCA/AN/Cu0O? 1.77 0.72
ADCA/AN/MnO2 0.67 0.77
ADCA/AN/Cu 393 0.39
ADCA/AN/BCN 1.64 0.69
GN/SrN/BCN% 259 048

increased 7, as compared to ADCA/AN mixture there
was a little difference in 7 with the other additives. It was
also shown that 7 increased with P in the closed chimney-
type burner, obeying the Vieille’s law, which is expressed
with the following equation (1).

r=aP" (1)

where 7 is the linear burning rate, P is the ambient
pressure, a is the pre-exponential factor, and # is the
pressure exponent of the burning rate. Table 2 gives the
values of @ and 7 determined from Figure 2. It was found
that the addition of Cu and BCN increased the values of @
while it generally reduced the values of #. This indicates
also that 7 of the Cu-added mixture was higher than that
of GN/SrN/BCN mixture.

3.2.2 Rate-of-pressure-rise test

Typical pressure history during the rate-of-pressure-
rise test is shown in Figure 3. 4P, 4t, and 4P /4t for each
mixture is shown in Table 3. The data were compared
with those of GN/SrN/BCN mixture. It was shown that
AP/4t of ADCA/AN/CuO mixture and ADCA/AN/Cu
mixture were higher than that of GN/SrN/BCN mixture,
showing that both mixtures have the potential as gas
generating agents. In the case of BCN-added mixture,
AP/At was close to that of GN/SrN/BCN mixture.

4. Conclusions
From the above experimental studies, the conclusions

were obtained as follows :
(1) Calculated adiabatic flame temperature as well as the
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Figure 3 Pressure—time histories of ADCA/AN based
mixtures from rate-of-pressure-rise tests.

Table3 4P, 4t and 4P/4t of ADCA/AN based mixtures.

AP 4 AP /At

Sample [MPa] t[s] [MPass-1]
ADCA/ANY 0.36 11.06 0.033
ADCA/AN/Cu0? 0.59 352 0.168
ADCA/AN/MnO:2 040 11.27 0.035
ADCA/AN/Cu 0.67 2.80 0.239
ADCA/AN/BCN 0.54 460 0.118
GN/SrN/BCN% 0.53 419 0.126

calculated heat of explosion for all ADCA/AN based
mixtures were higher than those of GN/SrN/BCN
mixture.

(2) Except for ADCA/AN/MnOzmixture, all ADCA/AN
based mixtures burned readily under 0.1 MPa nitrogen
atmosphere. Meanwhile, the addition of Cu increased the
linear burning rate and reduced the pressure exponent of
ADCA/AN mixture.

(3) ADCA/AN/CuO mixture and ADCA/AN/Cu mixture
have shown higher rate-of-pressure-rise than GN/SrN/
BCN mixture.

5. References

1) Y. Miyata, M. Abe, S. Date, M. Kohga, and K. Hasue, Sci.
Tech. Energetic Materials, 69, 117—122 (2008).

2) Y. Wada, K. Hori, and M. Arai, Sci. Tech. Energetic
Materials, 71, 83—86 (2010).

3) Y. Izato. A. Miyake, and S. Date, Propellants, Explosives,
Pyrotechnics, 38, 129—135 (2013).

4) K. Ikeda, Y. Shiraishi, and S. Date, Sci. Tech. Energetic
Materials, in press.

5 F. Volk and H. Bathlet, User’s manual for the ICT-
Thermodynamic Code (1988).

6) US Patent, US 69, 58, 100 (2005).

TIVHINKYT I FEET VE=D ARES

1)

BRBEREEIZDOVT (1)

<“@EH #*T,

$ﬁ%fu
B L7200, b~ Ay (MnO2), i (Cu),
L= PRS2 5

T RO R

, WTFNOADCA/ANRIRE
b7z, (2) ADCA/AN/MnOqiR

ERAMEEDE L o fz—T, BCNEMOBEL

*“BHERFERICAMERFICRILER T239-8686 M=

Phone : 046-841-3810
fCorresponding author : em51043@nda.ac.jp

I &,

BEOfMmE LT, TYVIANKRSTIF (ADCA) /BT v E=7 A (AN) RE
AR IEMERG %S (BCN) ZnZ C,
L7z m—@fﬁm;%; FRIRBE T L SRR [ O ) S 3B & AT\,
W13 GN/SrN/BCNiE S

DBy

. RBEREE %
(ﬁbu%@%i’éﬁ- W22 W TGS
FEEAEREHSS (1) ~ (3) ofmdrfFohs, (1)

WE D SWEKRIENEL 2D, }%ﬂ?}n Zown

AL, 05 MPall T ONSRPHS T TH KA TE T, HEMEKW
FRETH o720 (3) CuZBmMT 5T LITX D, BRBEAE ML, EhOBuwd L, 7,
%0, FRLEN MBS 7= (GN) /WA M a v F 7 h (SIN) SEEMEMEES (BCN) BE
IEWEE R L 72

FE B ARE S 5 <
Iy bEN

NNE+&AEEMEK1-10-20




