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Cause analysis of inflation of 22mm sub-caliber catridge packing
and improvement of shelf life

Jin-Wook Baek
PGM & Ammuniton Center, Defence Agency for Technology and Quality
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Abstract Mortar ammunition has strong destructive power, making it dangerous and challenging to use
for training purposes. Therefore, to achieve realistic training effects within limited resources, training
ammunition called "Sub-caliber" has been implemented by removing the explosives and incorporating
smoke agents. This ammunition is maintained under vacuum-sealed conditions using protective
waterproof barrier bags to prevent moisture and corrosion. On the other hand, an issue arose where
barrier bags of several 22mm sub-caliber cartridges for the 4.2-inch mortar stored by the military
experienced inflation. Compositional analysis detected hydrogen gas, and the cause of inflation was
attributed to a chemical reaction between the magnesium in the smoke agents and moisture. After
identifying the factors that can generate moisture, which can induce a chemical reaction with the
magnesium in the smoke agents, the internal packaging material was found to be the primary source
of moisture. This issue was addressed by controlling the chemical reaction rate through temperature
regulation by changing the storage location. Finally, the Arrhenius equation was used to predict and
compare the shelf life of an igloo magazine and an above-ground magazine. The Arrhenius equation
describes the relationship between the rate of a chemical reaction and temperature. It can be used to
predict the stability at different storage temperatures. As a result, the estimated shelf life of an igloo
magazine is approximately 21 years (7721 days), representing a 1.5-fold improvement compared to the
above-ground magazine. The quality improvement measures presented in the paper are expected to
enhance the stability and storage performance of the abovementioned ammunition and all ammunition
containing magnesium components.

Keywords : Sub-caliber, Waterproof Barrier Bag, Inflation, Magnesium, Storage Location

*Corresponding Author : Jin-Wook Baek(Defense Agency for Technology and Quality)
email: sd97235@dtaq.re.kr

Received October 31, 2023 Revised December 4, 2023

Accepted January 5, 2024 Published January 31, 2024

403



ARS8 =2 A A253 Al1E, 2024

1. M2
SR 0F) AN A%H0R 2dET i 7]
ol 5k 7}t shelo g Jlste] ofds| BMzke] HEo

Ae 7PE ARl £7] F shuE SFIIth SRR 1
e g o g Qs EHEoR ARSI & 984
I} o3-S 21 Qlok wEbA FolAds PALE &
o|HA At FTtollA AAet FARE = BTE A
571 Aol RS AAT AI9AE AT SARNS
233t 9t

SARZ QR 34, 508 QT J5AcH 5
WA517] flete] 50dE DGR WEEHEEA) A
o] 92 ¥, WREF AAE S Yo ¥i

BRI 7, AR Y= WAl o8 mAE ShA|RE &
= oA BRSQA SAE 27) EEOA RZARI &
AR A EY AFELS 5 BE wEeFwyrt
Fig. 1914 1= vje} o] BZo] 9 2L FAto] HMYE]
Aot o= A 341715591 ESX(protection function),
H2X(convenient function), Z%/J(commercial
function) & &4-% EAA 71 293 HSAS A
T AR YR S2EY HMP g o] uEdEAL
QF FZo] gt &R PHAIIZIA] o]ojd 4= SlTt.
59, nvle 282 =99 HEo= 3 € T8
doZ & Q= 44 EER vk Foz A
Eo] Q= gtefo] QR mkto = ik A & 5}
Aot LR AE 5 e AEAEE 23 itk AAR
169 4789 AMIATE U2 A vl dls 37 24, 17
| Al A opdA vl 3 5 wiivle B
S A7t A&H o8 e wat kA uh o
5 A7t AEHH o R o]FojA 1L QUrH]1, 2]

wEba] & AolAs AR oy} SofaloA =
2578 E4 AR olojd £ e BE WeFuy &
5 @4 dig ¥Q1E B4 Al BRE Hgt o
A ulASIYLE BEo] Q8 HS 9 9] 71A
AEEAS Boto] RESS YN 71AS AR &
2l 01'93\3’— ol& &9, FH 82U A} 1 7

FEGFE 2ATOEA BEZ TS 4setA} of

At

S 20 mE 35} kg
Ko7t A%< B3l dojdl wiivlw9] 2443t ovxE
o] &3t oy ARESFITHAI. O]E ol
TEH 2& 9&4E b 20 BEEQl 5Y RE
AFY 2% R nofs Fof g 4

oz |
=

st

gl

1:0

S8 F5517] 95f 71

10
B(;—ZC_;' =

Fig. 1. Barrier bag
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Fig. 2. 22mm sub-caliver cartridge

Table 1. Smoke agent components and proportion

Mg-Al
PbO, Py Mg KClO,

Percentage(%) 50 15 15 20
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Table 3. Arrhenius equation result

Tem%zr)amre ma(;;:;i(a) maglilz?x?e(b) Af (a+b)
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