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A Study of Life about Naturally Aged Nitrocellulose by Storage
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Abstract During the safety inspection of nitrocellulose-made explosive containers stored for more than
10 years, cracks were found in the containers. Therefore, a failure cause analysis test was performed.
First, the cause of failure through the failure tree analysis was conducted to select the factors that
influenced failure. The changes in the properties of the container caused by the acceleration of the
reaction were found to be the cause of the failure by confirming the influence on the environment and
internal/external factors that may occur during storage. To confirm this, environmental tests, such as
thermal shock test and vacuum thermal stability test, were performed using a naturally aged container
to analyze the cause of failure, and an accelerated aging test was performed to reproduce the failure.
Through this, the chemical reaction was accelerated by heat and charge, as in the result of the fault tree
analysis, and it was confirmed that the physical properties of the container were changed. In addition,
the service life of the container was estimated using the Arrhenius model for the storage life due to

thermal aging.
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Table 1. Comparison to previous study

Content

New manufactured
Stability tester

- Sample :
- Instruments :
- Purpose
1) Observe the thermal decomposition in
thermal cycle test
2) Construct the life prediction model by
temperature environmental
3) Storage time prediction following
location and year average temperature

Mario (2012)

New manufactured
DSC, TGA, SEM

- Sample :
- Instruments :
- Purpose
1) Observe the change about physical /
chemical properties by accelerated
aging test (ex. mass, activation energy)
2) Confirm the thermal aging
mechanism of NC
3) Verification of Model using calculate
the thermal properties
(ex. Ozawa, Kissinger method)

Ruichao (2018)

- Sample : naturally aged (over 10 years)
- Instruments : DSC, Stability tester,
Thermal shock tester, etc.
- Purpose
1) Find the cause of failure (crack)
2) Observe the change about physical /
chemical properties
(ex. hardness, transition temperature)
3) Prediction of life to use

This study
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Fig. 1. Container failure (Crack)
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Fig. 4. Thermal Cycle of Environmental Test

Fig. 6. Thermal Shock Test Result

[ex}
=2

328 Ak 104 ol vl st 3
A gt 5L FLo] Wl
A9 2lokg7|9| uhfrt BBl 0.2
Qlgick. et A2 AsE Az 57ﬂ4 %
ARgo] WAE|] ggkow], Mt EL ¥
WyskA] st
F7h A A B THARD 1ok A
o1l Aol Qlstel WAT 4 ik
A stokg7o] dhal 42571(F 429)
PR AR 212 AAsSox, 1ol s WS

%= e FRIsk
s

B
[ Jl?oj o lo
E@ gl >
4> b
o 19
mg
r_l..
_“._, lo Ho

9,
ol
-

i
e
&)
o o
o
.1
i3

2 o o E

AE

oﬁﬁ
bz
L
rﬁmﬁ

BN Aok WekEE w0 ojg Yol B
8] EASA, Tl L5028 o] obd o]
s sl 480l o 2ol Wl Ao

AAY A A5Ago] TH5stelo]
o9 229 A 3 127} o] WA 7

Oo=8 AZHE &, 3oRE7]9 AEQ YERMERE QA
o WRo] Hykg 3joF 7ho] AoA-gog Qs 3ok
719] £4 WPt AsteS Aot Wb o]t
ol & 8719} St oA Yoty flsf IH
A AJZ(VTS, Vacuum Thermal Stability)& Ao}t

3.3 YEdAA

FE AE2 AF AeiolA Edo] Fofl 9l £
e g Z7gst] Aldstat she F 4ol A=
OJ:%]%L s 31.‘;1] rﬂ7]-6}.‘:_ /\]610]1—4_ oc]:a]/\-] A]ﬁl.g_ -‘H
3 OZM k2] STABIL IV HH]|E o]-&3}o] 48A17H5<t
ZAZollA Btef, 31ek871(Container), OFA] 22+9] ¢
1 #oll A= E Hof A WSk 7kA0] Rulg SXot
gon, siekt 87171 o] e ALY BAFrE 2
o] ZA5tgitt. slokt 87171 2ol Y= Aol FA
"7} 1:10] HEE AlgE FHelgoH, 54 Ak
Table 29} Ztt.

Table 29| 295 AWEy GAZLAES] 3L FJoF
27] EA(Container)”} &9 AFF 71A whAlFo| 7}
A =0 A9 3ol 4= Qitt. E3) sk} slekev] 7}t
Zo] A5l AL sk’ 7o) AdEE olst pA
AT A9 %%‘o& F9 7tA7t F7tE WA A
< gelotoict. ol2jdt ATE FTFPH o AHE o 3}
okt UERMER QA 310kR87| 719] ]2 9] §hgo]
Aol Qe ZloE weEn, oldt 4SA8-S Bl
3lorg719] Hoff #/do] 73k ql7] WEel] 71E9] A
T AR 2v) Hx Fe B 717 ol Fge] B
AetdS Ao wetdnh

Heating Block COHUL ler

Data Processing unit

Fig. 7. Vacuum Thermal Stability Tester

Table 2. VTS test result

Sample Gas / mass [ml/g]
Charge 0.29
Container 0.92
Epoxy 0.17
Container - Charge 0.66
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E, : Activation energy [eV]

k : Boltzmann coefficient (1/11,604.83) [eV/K]
AF . Accelerating factor
T, : Storage temperature [K]

T, : Accelerated aging temperature [K]
t, . Storage time (real)

t, : Accelerating time

Table 3. Accelerated aging test result
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Fig. 9. Hardness change of NC and Container
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