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Energetic materials are widely used as propellants, explosives and pyrotechnics. To allow the safe development
and effective use of energetic devices, it is important to understand reaction mechanisms and thermal properties of
energetic materials. Thermal analysis is a strong tool to investigate reaction of energetic materials. In this paper,
reaction scheme and thermal behavior of ammonium dinitramide, which is one of the most promising next generation
oxidizer of rocket propellants, are analyzed experimentally and theoretically. DSC, TG-EGA, DSC-Raman studies
have been carried out to measure the heat of reaction and decomposition products, and quantum chemistry calculation

have revealed possible reaction pathways.
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Fig.2 TG-DTA results for ADN at a heating rate of 4 K min™'.
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Fig.3 SC-DSC profile of ADN (10 K min").
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Fig4 TG-DTA-MS-IR results for ADN at a heating rate of
4K min™".

ZORIERBBEERRT 572012, FH5513LEEENR
TR E B it & AW BE & — R 2B — | 0 iRRE
AT HE R E & A o #F (TG-DSC-HRTOFMS  (High
Resolution Time of Flight Mass Spectrometer)) % %fi L 7=, '
TOFMS &1, M S W7okt (22 TiEA Aok a
NIERH AL T T T A A AY) ORITR & 51
5T LI K VR BROBEREEEENE RO FIETH L.
Z ZTHW - HRTOFMS IIFRITH Z BRI S & 572 £ LT/
BE L, BAOHEEE & OFRFHIIELZ RIS b D TH
%, Fig5 X, 7V E=7ALY=F7 I F (ADN) % %S
& LT A A iR AR R HEER]) (ADN, £/ AFLT
2 UGl (MMAN), JRFEOEAHREAY) 7 Icxd 5



Fro 2B — B LIRBE, T OfabRrERi —

TG-DSC- HR-TOFMS fE .  Tdh 5, alAIR Sy P R
EAKRBIRENEENTNDZ &S, NO & CO, 75, N,
L CO 7%, NH; & H,O BEIRFZERT A reErxH Y, =
NoEHHNTDHLEND T, Figs OFER LY, 441k
ENTZERHTAD~ AT T T A NER)DZEE % OH'
(17.00), NH;" (17.03), H,O™ (18.01), CO" (28.00), N,™ (28.01),
CNH," (28.01), NO* (30.00), CH,O" (30.01), CNH,~ (30.03),
CO," (44.00), N,O" (44.01), N,O" (45.99) & ¥ 5 8 & Tk 9
HIEMNTE T, 2D X 51T TG-DTA-HR-TOFMS % %
Z LT, TRAX—WE O TR ERR T A DR EZEE A I
MICHET DI ENTEXLZEDRHLNE o7,

2.2.2 BEMSH

BOSH O EEREFE (FABHRAB+RIR) 2 EEEIIE T X g,
XV FMMCRICHRE A ETE B, IR, Bk oiE
EHRENE, WEOSRRICLE S BME®R & RN, (LFREOE
R & WA BT 5 Z R TE S, ¥ Matsunaga &
{% DSC-Raman [FIFFAIEIZ X Y, AR O ADN O3 iRk &
OREER T > =7 MMIHKT DIEEEA A OERK & R E)
ERIRFIZEHRIL, ADN OGFRIC L > TAN AR T D Z &
EEBERNTR LT,

endo. «— exo.

mass / %

Heat flow / W g”!

(a) TG-DSC profiles
45990,y o~

44.00 (N,0" e
- ———_ei—
y
43,01 (CHNO") . \\
31.04 (CH e B
| 30.04 (CH,NT} = G T
~ | 30,01 (CH,0*] B R S
2 | w99moy)  ———___]
Z | 28.02(CHN) RN
L o~
z .
= (280108 A M
BT i
27.01 (HCN) ey |
18.01 (H,0") k

17.03 (NH,")

17.00 (OH") e

(b) HRTOFMS profiles .

0 50 100 150 200 250 300
Temperature / °C

Fig.5 TG-DSC-HRTOFMS results for ADN at a heating
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Table 1 Rate coefficients in the YNU-L2.0 model.

k=AT exp (-E/RT)

Reaction ; 5
A n E,

ADN; =2 NO, + NH,NNO, 1.48x10° 0.0 39110
ADNj, = NO, + NNO, NH, ~ 5.45x10" 04 36223
ADNj, 2 NO, +NNO, NH;  1.02x10"* 0.3 33981
ADNj. = NO, +NNO, NH,  9.82x10"”®  -03 33975
ADNjy = NO, + NNO, NH,  5.85x10'! 1.1 35324
HDN; = NO, + HNNO, 2.30x10" 0.0 38416
HDNj;, 2 NO, + NNO,H 4.00x10° 04 34798
HDNj;, = NO, + NNO,H 1.33x107 33 35267
HDN;. = NO, + NNO,H 1.12x10% 1.1 38354
HDNjjy = NO, + NNO,H 1.34x10" 0.3 31525
DN~ =2 NO,+NNO, "~ 6.24x10" 03 36922

"unit system is cm s mol  “unit is cal mol '
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