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Abstract The 120MM high explosive anti-tank tracer is the ammunition used to neutralize the side armor
of the main tank of the enemy and kill people close to the tank. This ammunition consists of a warhead,
closing ring, propellant, and combustible cartridge case(CCC). In particular, the CCC provides propulsion
energy for the firing of the ammunition and causes less erosion of cannon tubes compared to the
erosion by a metal case. Therefore, using the CCC is advantageous in terms of cannon tube
management. Generally, ethylcentralite(ECL) or diphenylamine(DPA) organic stabilizer delaying the
decomposition of the nitrate ester compounds by suppressing the autocatalytic reaction is used in the
CCC. Also, it is a characteristic of the ammunition that its use is completed at one time after long-term
storage of the ammunition. So, research on the quality change of the ammunition due to the long-term
storage is required. In this regard, a study was conducted on the correlation between the quality level
of the ammunition and the analyzed (by the study) effects of organic stabilizers on the ammunition. In
particular, an aging test was conducted on the stabilizers to examine their respective aging effects on
the closing ring. The aging test confirmed that the DPA derivative generated during the decomposition
of DPA was adsorbed on the surface of the closing ring, resulting in the expression of the intrinsic color
of the derivative. Also, a test was conducted to analyze the mechanical properties of the closing ring,
which was used with the respective stabilizer during the aging test. This test confirmed that the ECL had
a lesser effect than the one DPA had on the mechanical properties of the closing ring. In effect, it is
expected based on the study that the long-term storage quality level of the ammunition can be improved
by using ECL as the stabilizer for the CCC.
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RONO,~ RO- +NO, 1)

RO- - R+CH,0 )

2CH,0+3NO,~ 3NO+2H,0+ CO+ CO, (3)
3CH, +7NO,~ TNO+3H,0+ CO+2C0, (4)
RO- +NO- RONO 5)
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RONO, + H,O- ROH + H'"+ NO; ©)
HNO,~ H'+ NO; @)
R ONO,+ H'~ R OH+ NO; ®)
NOy" 4+ NOj - N,Os ©)
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Fig. 1. The Reaction Process of DPA Derivatives
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Effect test Relationship test

ol what A2 25°CoA] HAa 10W ol A% =4
I FLS VLSt 24 AT AEE AR9
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Table 1. Specimen Configuration

Type Composition
#1 (NC + ECL) + Closing Ring
#2 (NC + DPA) + Closing Ring

Table 2. Specimen Components and Proportion

Components Proportion (%)
NC 31.0
ECL 0.5
#1
Kraft pulp + Resin 18.5
Closing Ring 50.0
NC 31.0
DPA 0.5
#2
Kraft pulp + Resin 18.5
Closing Ring 50.0
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St HPLC(High Performance Liquid Chromatography)
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Table 3. HPLC Test Equipment Specification

Accelerated Aging test Reactivity test

Classification Specification

| |
HPLC test

Mechanical Properties test

Fig. 2. Procedure about the test
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Detector UV at 254nm
Mobile phase MeOH(45%) / Water(55%)
Column XTerra C18, 150 x 4.6mm

HPLC 42 Hof A wHHfE &2 0.1lmg &
A= AFstd Alm 879 TAES
MIL-STD-286C2] ¥ 104.1.39] @At we} &7
oA 16A|7F oJA} &5t &ML 3o =y =
g710]4 AZAIZ] 5 MIL-STD-286C2] 4 208.3
o] wgl =& £45 HPLC AH|E 4351 144%
DPA EAE 748 EFBAL ARslgor, B2E
A £5 9 B2}A2 Table 49} Zt}.
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Table 4. Standard Materials Types and Structures SHt 1l 272 3 AMJESE KS M 65189] 8.3
o o 15AE °
Tore F—— 371 7t =3 2ol w100+ 1°C, 96A17HY]
2,2'-Dinitro-DPA St A A5t
2,4-Dinitro-DPA
2,4'-Dinitro-DPA G By, 0,
4,4'-Dinitro-DPA
e ora Catl 50, 3. 4% 2
DPA Gy H, N
Nitroso-DPA(N-NO-DPA) C,H,,N,0 3.1 g3 A
Y B4 S7E A8} HAP8E FHAA 71
2.2 A A L3t AlEE JPstgior, oY B4 DPASE st |
o A= A S ZH A A
4§79 23GCL DPAR AAYE Bare Ang A9 MREDN Table 6 @01 M el WA
A A L 3lojldl [e)
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Procedure 2A°] wet BAL% 90°ColA] 40417t B
7tdsto] 18& 2HA 02 diolgE g5otglor, 71E =
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(Table 5).

R = C - (A+B) (1n

of ), 7} QIR ofghet 2.

R = extent of reactivity

C = amount of gas evolved by mixture
(CCC+Closing ring)

A = amount of gas evolved by the CCC

B = amount of gas evolved by the Closing ring

Table 5. Specimen Configuration

Table 6. Accelerated Aging Test Result

Day #1(ECL)

#2(DPA)

+0

+5

+ 10

Reactivity Calculation Reactivity Rating

Negative number

Negligible

0~3
3~5 Moderate
Over the 5 Excessive

Qg =43t =9 el Yol WYst= ke
o] HHH 7|AH &4 W3l v|A= BAE 45t
7] 9loh w4 d=AlE 9 Y E4(DPA, ECL)T} %
FAH A" HHE A= 2 5718 EH]ske] ASTM D
412 7+ZA0] w2t A7 =(Tensil Strength, kgp), A4l
Z0](Stretched Length, mm) 59] 7|A% 42 =4
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Halo] TAIgH w4y EHEZS AF5te] HPLC A
A5 A3h, AFAofA] B35t ZEEZ o] A
F5 AZHretention time)@ YA|ok= 3719 &
o] gal=glon, 2 N-NO-DPA(8.5%), DPA(10.5
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ZA% 23, A59 S35 2-NDPASF N-NO-DPA
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Fig. 3. HPLC Test Result
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Table 7. Types and Colors of DPA Derivative[7]

Color

White(Colorless)

DPA derivative

Diphenylamine
Nitroso-DPA(N-NO-DPA)
2-Nitro-DPA(2-NDPA)
4-Nitro-DPA
2,4-Dinitro-DPA
4,4-Dinitro-DPA
2,4,6-Trinitro-DPA
2,4,4-Trinitro-DPA
2,4,2,4-Tetranitro-DPA

Green or Blue

Orange

Yellow

Reddish-brown or Orange-red

Orange

Bright orange-red

Lemon-yellow

Chlorine-green
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Table 8. Reactivity Test Result

Gas Reactivity Reactivit
Classification Voulume | Calculatio activity
3 Rating
(em”) n
DPA + Closing Ring 0.616
DPA 0.722 -0.659 | Negligible
Closing Ring 0.553
ECL + Closing Ring 1.412
-0.690 | Negligible
ECL 1.549
Closing Ring 0.553

2 Agt HA PGB, C, D) & FHHTZ(A) bl
cmwoua A4Zo] 59 71AH B4 Akt HERA
i HAY SEAR®) Y 22 FHdHe HAY
(C D) A& 7t 71AH =74 MSh= 47 3.68%, 2.07%
£Zo g2 sholE9ict ESE FY E3 DPAS UHAME
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100 ; ; ; 400
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—a— | ength (mm)
95.22 - 380
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) 93.25 H
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=3 3638 03
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Fig. 4. Mechanical Properties Test Result
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A and B = Closing Ring(room and high temp)

C and D = Closing Ring with DPA and
ECL(high temp)
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