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ABSTRACT

Accelerated aging test for the double base propellant was carried out at three different temperatures
(60, 70, and 75C) for over a year. To evaluate the aging characteristics of the double base propellant,
the stabilizer contents and thermal decomposition kinetics were analyzed by using high performance
liquid chromatography (HPLC) and AKTS-Thermokinetics software. As a result, stabilizer contents in the
double base propellant gradually decreased according to the aging temperature and aging duration. The
consumption rate of 2-NDPA in the accelerated aged propellants showed that it was two times faster
at 75C in compared with ther rate at 70C. These experimental values were simulated by the SB
kinetic model, and it was shown that the two-step model with constant reaction orders n1=1 and n2=0

best describes the process of the stabilizer depletion for the double base propellant.
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NO, : Nitrogen oxide
DPA : Diphenylamine
2-NDPA : 2-nitrodiphenylamine

HPLC  : High performance
liquid chromatography
MIL-STD : A united states defense standard

NATO  : North atlantic treaty organization

AOP : Allied ordinance publication
STANAG : Standard agreement
SB : Sestak - Berggren
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Table 1. Dissociation mechanisms in nitrate ester based
double base propellant caused by heat and
water.

Dissociation Mechanism from nitrate ester

RONO,—RO  + NO,

RO« >R + CH,0

2CH,0 + 3NO,

—3NO + 2H,0 + CO + CO,
3 CH, + TNO,

—T7NO+ 3H,0 + 2C0 + (O,
RO « + NO— RONO

Thermolysis

RONO, + H,0—ROH + HNO,
ROH + HNO,— RCHO + HNO, + H,0
HNO, + HNO, <> N, 0, + H,O
N,0,<>2NO,
ROH+ NO, + — + R— OH+ HNO,

« R— OH + HNO,

— R— CHO + H,0+ NO,

Hydrolysis
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Fig. 1 Various stabilizers for nitrate ester based
double base propellants

R 7‘—1%6‘}‘3}% e s,

of x3l8 ARHOR x]qj_ A7)E bR A = A
2-NDPAE AAstRoH HA7MA F&3HA A
&5 1

o] ERAE 2 2 (nitrocellulose) 7]18ES]  FX
AEe B3 A 2ol wlE 357 gy,



N23#H N[4S 2019. 8.

o 7L =3t §4 HF 63

g2 Jwel BYREFAAG 245
B7 He EFFFAAC s AT,

T
oft
[ o
o,
i)
N
lo
v
o2
o
o
Lo
At
o,
filo

AOP| WAstaL glow w=Saie] &
Aol i3k FEZY DA PAM 742-1[9]&
A FE AA T W ks |
2 HASle], YolErdER~ 7Hl F
A FFHA o thste] FAStT ATk

19439l = =3te FAZRE MPAE F=

33 1A% A Z2rtEIYHIHPLO)S AHE8H
of Agdte EAMWel A =9HAeH @
He Sl 29 AAAY F=AE A Fsh

<N

Aol AFxAsfol|Ax WA A %3 DPAL] F
T B EQL dzstke] EAE B S U
TH10-18].

1967'd Bad w59 FARFEQ] MIL-STD-286 -
C[19]dl 2w &wE o] &3l FIXAZHE A*A
AE FZstn ng AW 83 HPLCE A}
23 <HBAY FHE SAHY F Uk =G,
NATOY] AlE7F4 AOP4[ 0]dlAE HHEUE
gd& AMgE FAE gElsty dskdEos o
C|EZAERAE HHAA HAHAE BT v
HPLCE AR&3l] A%

7ol A Ho|Ro] HHAZRE TS

=2

e
Zﬂg Zrell ZbAdol A,  ppmo FEFE/A
AFE 5 e HPLCE °l83 £4WE& %54

o7 AL glom ol FI o] AA Al
AZRD FAl ol

B AFoME 2-NDPAZ} HAAZ £3HE
7172 9] =8 54 513HA 1 dqF 7)Y
o B ATE FIEAT. HVFAAY T
=31 AFE YA E AOP-483} STANAG-4527[21]
o A AAIE wle} o] 40T ~ 80T =W
Welld w=3teesd dAsta AHgE A7
10% ~ 90% ARHE FIHE& 43 o] Edsto
oF 3t} o] & ®=EFy] fsf 60T, 70T 1EaL
75Col A AA FFE w3}7|2ko) wel HPLC

e

£ Agstel pAFomM HrFAAY A&
w8t A FARGT ol2RE dojnl A
dolHE 584 JMos siMste 49
=54 e FARES stan

21 715 =3} AlE
UolEgAEg A9 YERZZINHSL Fo %
Aoz A83l3 2-NDPAE 2.0% A7}ste] 3
AE A=zt Fsd FHAAE 1.5 cm (HH])
x 3 em (¥£°]) x 2 mm (FA)S] ZVE 7HEEHS
H}e] Y (Thermo Scientific, USA)l 2712 Ho} &
B3FATE 60C, 70C 8] 75T &2 Ao
A BAStH 2304 182 F7]|E A S
S =238 oen 70T 75CE A2 §Hako)
02% wgko] H& Al¥7A] A8 33*6‘}1 L2
37 AHez ¥ 60CY 7
2 oz w3 gL =8

2 FRAe] FA 74 Bl FEA

7
f?}% e Eaﬂr% 1A

(J.T.Baker chemical, USA)& FZ&uZ &A2
+E2HE Tl oF 2443 B FEFEAUH F=
2 33595 =7](Buchi, Switzerland)E Ak
&l 8ulE A|ASa wWe-E(].T.Baker chemical,
USA) 100 go= 34siity. FHlE Ase
HPLC (Agilent 1200series, USA)E Ar-&-3|
Table 29| ®EA27[20]004 ZEF=E&H3} A
2-NDPA®] 5E =Aslgch dojx 33 ¥
Aol Hgs AAst Eq. 13 2ol FAA Y
FFS AR

C _ I/Kﬂeight of stabilizer (g)
Sabilizer — W

weight of agedpropellant g

j xX100% (1)



64 ayor - #HEdE - MHEYM - 29 - HEY SIS E R

Table 2. Experimental analysis condition for measurement
of 2-NDPA in aged propellants and standard
solutions by using HPLC.

Instrument Agilent 1200 series

Zorbax (Cis, 5um,
4.6x250 mm)

Column

67% of Methanol

Mobile phase
/33% of DW. (v/v%)

Column temperature | 28°C

Flow rate 1.2 mL/min
Injection volume 5ul
Detection wavelength | 225 nm
Run time 20 min
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Fig. 3 Calibration curve of peak area obtained by
2-NDPA standards with HPLC.
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Fig. 4 Chromatograms of 2-NDPAs obtained

from standard and accelerated aged
propellant by using HPLC.
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0. 5 Measured stabilizer contents (2-NDPA, %)
in accelerated aged propellants at 60 C,
70 C and 75 C.
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