Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2024.25.7.528

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 25, No. 7 pp. 528-535, 2024

A8 224 AN B
IYEFEH

Evaluation of Ammunition Stockpile Stability of Propellant by
Measurement of NOx Gas by Heating Stability Test Method
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Abstract In ammunition, propellants are responsible for providing the thrust to propel a projectile to
its target and are manufactured from nitrate ester compounds. Short-term propellants made from
nitrocellulose are subject to spontaneous decomposition by moisture and heat during long-term storage,
producing nitrogen oxides, which can promote autocatalytic reactions and lead to spontaneous
combustion. Stabilizers are added during manufacturing to inhibit and delay the spontaneous
decomposition and autocatalytic reaction of short-term propellants. Hence, the safe life of the
propellant is closely related to the amount of stabilizer consumed by the reaction with nitrogen oxide.
Currently, the Defense Technology Quality Institute conducts ASRP to secure the performance and
storage stability of long-term stored ammunition in the military and evaluates the effective stabilizer
content using the MIL standard steam distillation method as a method for evaluating the propellant
storage stability. This study assessed the applicability of NOx gas measuring equipment to the heating
test method for urgently screening dangerous ammunition with the consumed stabilizer content. In
addition, the emission pattern of NOx gas generated in real time was graphed to distinguish the
difference between dangerous samples according to the ammunition type. By introducing NOx gas
measurement equipment to the existing heating test method, the military can be notified of dangerous
propellants that are quickly identified and prioritized to prevent human casualties and damage to
ammunition units caused by spontaneous combustion of propellants.
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Fig. 1. Heat stability test method
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Fig. 2. (A) Heat stability test with gas measuring
equipment (B) NOx gas measuring equipment
(® 03 sensor, @ CO; sensor, ® NO; sensor, @
NO sensor)
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Fig. 3. Propellant shape of XXm high explosive
propellant single-perforated cylinder type(a),
small size multi-perforated cylinder type(B)
and large size multi-perforated cylinder
type(C)

0] FANFA O] wet o

Ql DPA(Sigma-Aldrich)& ofgt
SrE BE fHE A X5h,
o] g-sto] &4 mh 285molA
sto] EE 5% AT Rtk i Al

= 50% FABIHEENaOH)Z 95% ofe-2(EtOH)
*‘C‘Loﬂoﬂ =N 7]'0%} T 29 SR "2A RS
=35t oo g ST E =43}

——%%XE](DPA)-O/] AFAL o]8slo] HAA RS

Ol

530

Tt 2AA] QA S ATk AAel Az
0= 107 A2 4 UAT, AR AXYRH 2
2 E271K) 9 B4 AZHET BAZIA 4417 40)
o] el
2.2 A@zm

221 SBUEY FUA Cfet SN 2

o ©aAoA] EAse XX
ZRA)S QIRAA] SN A
A Z7H8He 240l ol
9] Fig. 414 B o} o] HFABY A

PGA Fgo] WoldsE Ay Autol 4484
WA Alo] A FoHle AL ST 4 k. Aud
3 gopolA] A4l w518 ASRP HAPARE 0|83

of FHAAFRE A8 o], AR PR FF
W7 A HoI T chapstA Bk AV ot et
A ko AR thRtt QPgA] Rl Tt 7
A 23} Hole7t o SAgchy ekl A
el Ter AL B B L 5 AL Aol

A
( )45 q °
o $
se o
E40 .
g P
T ./‘l'. e
= g .
=354 e
z .
230 4
&
E
= 25 A
20 T T T T T "
0.30 0.40 0.50 0.60 0.70 0.80 0.90
Stabilizer Content(DPA,%)
B)y29 .
——DPA Content, 0.78% /'_'-h
| ===DPA Content, 0.52%
100 DPA Content, 0.68% p #
_ 80 A
£
g
= 0 7
g i 1
40 [ !
1 1
L} 1
20 1 Pl
1 L} 1
o |
0 T Y * T T ]
0 10 20 30 40 50
Time(min)

Fig. 4. Relationship between propellant stabilizer
content(%) of small size multi-perforated cylinder
type and heat stability test result(min)(A) and
NOx(ppm) by gas measuring equipment(B)
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Table 1. Result of XXm high explosive propellant's
Regression Analysis(Heat stability time vs.
single-perforated cylinder type propellant
stabilizer content)

Multiple Correlation Coefficient 0.85
Coefficient of Determination(R%) 0.723
y-intercept 42.199x+10.162
Significance F 1.93x10°®
Observations 27
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Fig. 5. Relationship between propellant stabilizer
content(%) of small size multi-perforated cylinder
type and heat stability test result(min)(A) and
NOx(ppm) by gas measuring equipment(B)
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Table 2. Result of XXm high explosive propellant's
Regression Analysis(Heat stability time vs.
small size multi-perforated cylinder type
propellant stabilizer content)

Multiple Correlation Coefficient 0.839
Coefficient of Determination(R?) 0.703
y-intercept 36.257x+24.66
Significance F 1.79x10™7
Observations 62
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Regression Analysis(Heat stability time vs.
large size multi-perforated cylinder type
propellant stabilizer content)

Multiple Correlation Coefficient 0.873
Coefficient of Determination(R?) 0.763
y-intercept 44.681x+16.77
Significance F 3.05x107%
Observations 74
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