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Aol o)a) erAAL] ek W3S wAslgch NMASH 2-NDPA B3 03} Hhgoll o8 2357 &8 4 5 UKL,
¥hS &AM} Arrhenius A1 wHETH & W 20-80 °C £ E7tell4 NMAE 60°CE 71422, 2-NDPAE 70°CE
NAe HZ o BAF VA AV ek webd A7) 2ol o A AL gt WskE AlEY Afels

& 2o QdojAl uhe &xAle @ Aikshs Ao] Bk Aasigrt. Al F41A] A NMAs2t 2-NDPA7L 4215w
ghe A3} 7oA 2 g 21 A7) A4 R 1EE 5 ole 2313 24 gas fissuring WAke] WA
=] o8& g9kt

Abstract— The depletion rates of NMA and 2-NDPA were investigated by accelerated aging test in NEPE solid pro-
pellant containing BTTN and DEGDN as nitrate ester plasticizers. It was found that both NMA and 2-NDPA were de-
pleted by the 0" order reactions and these reactions had two kinds of activation energy which showed the break-point at 60
°C for NMA and 70 °C for 2-NDPA from Arrhenius plots in temperature range of 20-80 °C. Therefore, the stabilizer con-
tent in propellant could be predicted much better by using reaction rate in the low temperature range than that in the high
temperature range. The gas fissuring was not occurred under mild conditions like slow evacuation of gases from decom-
position of nitrate ester plasticizers even though NMA and 2-NDPA were completely depleted in propellant.
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(2-NDPA) -3} & QAAE 1-2wt% AHslggiet. 2HelE ¢

TAR 20l ¢4 AL Soll ARSEE A A= ¥ S
A3 Uxo] Zrlz o] vl A=l weke 2 Wby glot
o33t wAE Al FX1A)= dl$-Ee] nitrate ester polyether(NEPE)
A FAAZA] Ze|Sel]aA dut B33 FR0A[1, 210 2, o
UR)E Z)X]7)7] $]8§A] nitroglycerine(NG)o]+} butanetrioltrinitrate
(BTTN) 53} 22 3oL A] 7}2AlE 414|9] 982 ARS-315L 9l
tH1,3-5]. 283 e dA] ZlaAlE 28 Ajgte] AFAsIHA Y E
2717} Baf=]o] XA Wigol] 73] A7IAV, FA1Ae] Eei
networke] A== 53 e ko] AR o] & WA|3)7] 43
A7 A AE At opat gl 1, 6,7].

53] TAMe.2 AMEE A FAAE 10d o4 A Bt
11 A%o] fA| 5 oo} LR 2 nitrocellulose(NC)e} NG7} FA13#4] =)
A 87|38 F21A|o) 4= ethylcentralite TEX= 2-nitrodiphenyl amine
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Fig. 1. HPLC chromatograms detected at UV-340 nm for NMA anal-
ysis, (a) before aging, (b) aged at 60 °C for 21 weeks, (c) aged
at 80 °C for 7 weeks.
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Fig. 2. HPLC chromatograms detected at UV-270 nm for 2-NDPA
analysis, (a) before aging, (b) aged at 60 °C for 21 weeks, (c)
aged at 80 °C for 7 weeks.

=2 ¥AH Fig.29] 34 coll4] 683} 83 Alololld vlehd zhe 2
78] peakt 2-NDPAS] #-X44Q] A2 2 P=lri{14-16).

A A A EE 20-80 °C2] F-27)oA] 2314171 ol HPLC
of o 24 2 Alikd NMA<| gk Wl Fig. 3o =815}
3} 27} 20-60 “CollA &= =3} 7| 7ol u}2 gk 7k} ghubsl
2% 70-80 CollA= 5= 74 %0 F43] Zvl=Egles g 4
et =3 3} 7|7kl WE NMA §=F Wishr} A4 oz Jehla
NMA$] gekol] fA7} gl 03} Hh$ 2 2 NMAY} AR1E1E= 7S o
T U%Act. 3} 7|7kel] uhE 2-NDPAS] & ¥ish= Fig. 40 415}
ek 2-NDPAE 20-70 °C2| %3} LAl A7t wal ohulat
% g vehigi o, 80°CollA 3171 %314)9) 2-NDPA
= I e S50 AP well Ae @ 4 9la, NMAS] 7-$-¢b
o] 02} Hhg-oll 93] o] ghadvhes AMIL 21 4= g)gdt)

NCs} NG7} A E o2 A5 CMDB Z3 A4 AE 32
gHeo] ZhaE = FAke] 03 HkS3} 13} ub-go] 2gE whg-o 2 ¢+
24 91.21}{10,17], BTTN} DEGDNo] 7}44|2 A%l PEGH|
FAA A E F AAA} 2F 03} wbgo 2 vehdovng Eaelg
A LDA = FAA ] TA A Foll wie} 53t vhe-e ghEhe
AHEE & & Qllv). Fig. 39} 4238] AR 03} 8135} HkS-ol 4] 2]
W S5 AeE Alibeld] 7 kg 223 o)zl 2] Table
1] Az)stdct.

32. OHEAIS) B2 A
A2be) Wistell ohE chgAle] §e Wbl 0% whgo 2 et



NEPEA| Zx1A1¢] 3o &% HAA 7ha 349

7
Aging Temp.
B —e 20°C
40°C
S 50°C
60°C

NMA Content, wt.%
w
I

A I 1 1 1 L 1 1 L
0 5 10 15 20 25 30 35 40

Aging Period, weeks
Fig. 3. NMA content variation with aging temperature and period.
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Fig. 4. 2-NDPA content variation with aging temperature and period.

Table 1. Reaction rate constant for NMA and 2-NDPA from Fig.3

and 4
Reaction rate constant(wt%/week)
Temperature(°C)
NMA 2-NDPA
20 7.846x107° 2.249%x 107"
40 8.859%x 107" 4.104x107*
50 2.044x107* 1.151x 1073
60 4.188x10°* 1.539x 1073
70 2.317x107? 2.882x107°
80 8.941x 1072 2.548x107?
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Fig. 5. Arrhenius plot for stabilizer depletion rate.
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N1: 2-NDPA by Rate Constant in 20~70°C
N2 : 2-NDPA by Rate Constant in 70~80°C
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Fig. 6. Predicted stabilizer content of NEPE propellant aged at 25 °C.
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Fig. 7. 2-NDPA content vs. aging period at 60 °C.
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Fig. 8. Photograph of NEPE propellant sample before(left) and after
gas fissuring(right).
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Fig. 9. Fluoroscope X-ray photographs of NEPE propellant sample
for inspecting gas fissuring.
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: stabilizer content [wt%]
: initial stabilizer content [wt%]}

: activation energy in Arrhenius eq. [J/kmol]

S

: reaction rate constant [wt%j/week]
: frequency factor [wt%/week]
: universal gas constant [J/kmol - K]
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10.
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: temperature [K]
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