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Abstract: It has been observed that, after long term storage, some ammunitions are misfired by tamping (combustion-

stopping) due to aging of the chemicals loaded in the ammunitions. Used in ammunitions are percussion powder

% Corresponding author

Phone :

+82-(0)42-629-8822  Fax : +82-(0)42-629-8811

E-mail : slee@hnu.kr

-285-



286 - FYE - 7]

EREEER

oles

which provides the initial energy, igniter which ignites the percussion powder, and a delay system that delays

the combustion for a period of time. The percussion powder is loaded first, followed by the igniter and then

the delay system, and the ammunitions explode by the energy being transferred in the same order. Tamping

occurs by combustion-stopping of the igniter or insufficient energy transfer from the igniter to the delay system

or the combustion-stopping of the delay system, which are suspected to be caused by low purity of the

components, inappropriate mixing ratio, size distribution of particulate components, type of the binder,

blending method, hydrolysis by the humidity penetrated during the long term storage, and chemical changes

of the components by high temperature. Goal of this study is to find the causes of the combustion-stopping

of the igniter and the delay system of the ammunitions after long term storage. In this study, a method

was developed for testing of the combustion-stopping, and the size distributions of the particulate components

were analyzed with field-flow fractionation (FFF), and then the mechanism of chemical change during long

term storage was investigated by thermal analysis (differential scanning calorimetry), XRD (X-ray

diffractometry), and XPS (X-ray photoelectron spectroscopy). For the ignition system, M (metal)-O (oxygen)

and M-OH peaks were observed at the oxygen’s 1s position in the XPS spectrum. It was also found by

XRD that Fe;O, was produced. Thus it can be concluded that the combustion-stopping is caused by reduction

in energy due to oxidation of the igniter.

Key words : Igniter; delay system, field-flow fractionation (FFF), X-ray diffractometry, X-ray photoelectron

spectroscopy
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Table 1. Components of ignition and delay systems

Ignition system Delay system

Zr powder BaCrO,

Fe, 05 KClO,

SiO, Zr/Ni mixture (7:3)

VAAR Zr/Ni mixture (3:7)
Rareox #14

Table 2. Aging conditions applied to ignition and delay systems

in this study
Aging condition Total aging
Aging method (temperature (°C), time
humidity(%)) (days)

High 195°C 15
Temperature 195 °C for 15 days 30
Method + 245 °C for 15 days
Temperature 14
Cycling -54~71 °C
Method 28

130 °C, 85% 5

130 °C, 85% for 5 days 10
HAST? + 140 °C, 85% for 5 days
Method

130 °C, 85% for 5 days
+ 140 °C, 85% for 5 days 15
+ 150°C, 85% 5days

“Highly Accelerated temperature/Humidity test
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Fig. 1. GrFFF fractograms (A) and size distributions (B) of BaCrO, and Rareox # 14.

Fig. 2. OM images of components of ignition and delay systems; (A) Zr power, (B) Fe,O;, (C) SiO,, (D) BaCrO,, (E) Zr/
Ni mixture (30/70), (F) Zt/Ni mixture (70/30), and (G) Rareox #14.
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Ignition system

Delay system

Component Size range (Wm) Mean size (um) Component Size range (um) Mean size (um)
Zr power 3~30 2.8 BaCrO, 2~5 2.6
Fe 03 1~30 3.6 Zr-Ni (7:3) 1~20 -
SiO, 1~80 7.0 Zr-Ni (3:7) 1~40 -

Rareox #14 2~10 3.7
% 14
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Fig. 3. DSC thermograms of ignition system (A) and delay system (B) aged by HAST method.

o gAY 4
of Wgol FFE
FE@A27H
ol g8,

3

32. Zr-NAl Hsidiet X[edxe] A& So Wit
A AAolA AR = AAALE Adsh] fla
o] 7K 7H5st S HIAES]
AA o] S FAHEA LA =3kA17]

32 =3} W (High temperature method)ol A =
5 ASATE Ao HAEE o] AEH A
AA A Ee] AALE 55%F 207 S 117)elth 2
FollA dge] ZAg AT HsAle A&
38%(F 1370 5 h)ela, Aoz HAaE HalA| 9
S 86%F 7 F 67l)eleh

F HAIZ 2% cycling Z7(temperature cycling
method)ollA = A A=A (P et = A7t 5
7¥she wshade] Ao A4 A I s
A okt ook RIER R F7] A
(HAST method)ol A= A8 AAoA A4 3
A=At

p
L

e rr

Vol. 22, No. 4, 2009

Fig. 32 HAST W22 5,10, 15
71 AskA o} A AA 2] DSC g+
oA B=o], AslAle] B¢ 5Y
P
Al7bo] F7Y5tel] wah whd o] )

& wolm(ge ¢

Atk K AR 2] A9, Fig 3B BE

FEj7t oF
Ak olE e #F2 A AA <
of wpe} s}shA Wb dojto 2N A

A
o] ¥s}stol wet

o=
nn

LR

o
d BY=

o] e HoErh

7 wstE
ERER
¥l

L

3.3. XPSet XRDE 0|2

Mol e

£ Aol 2

shel ekopel

Q)

A Fet =5hA]

A olt}. Fig 3(A)
g FE O dRME
eakE HEH), >3}
dawe %+

o] X=3}A| 7t

oF7 Wighs &

T

AYe RET
Aol AU



290 gzl -

49

—— Raw ignition system
After 170°
— = After 195°

Intensity

5 .

‘*““4-4..‘.\,_

600 400
Binding energy(eV)
(A)
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