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Thermal Decomposition of Phase Stabilized
Ammonium Nitrate (PSAN)

J.H. Kim"- Y.]. Yim"

ABSTRACT

The thermal decomposition of phase stabilized ammonium nitrate(PSAN) was studied by
means of thermogravimetric analysis(TGA). In this study, potassium nitrate and zinc oxide
were used as the phase stabilizers in the range of contents from 0 wt.% to 8 wt.%. The
kinetics and mechanism for the decomposition were evaluated using integral methods. It was
found that the thermal kinetic parameters such as activation energy(E) and frequency
factor(A) increase with the increase of the stabilizer contents, and the mechanism of
decomposition also changes.

= g

‘RMAE AU EH(PSAN)S) G¥s) EAo) Wiy AFE thermogravimetric analysis(TGA)S
AR&Et st £ delre g Asloldo] ARPYSIARE 0%lA 8%AlololA] ALEE]
Aok FEA dF £33 E4Y WFIEES HEYS A3 Hrslgoh 845U R)(E) 9}
REEUZHA) 2L 3 £SAFEL RMAEA9 dsko] ZrRle met Zrlelgn, 28 vy
xgh W=,

- e ¢ : heating rate [ K/min ]
: frequency factor [ min™ ]
: activation energy [ kJ/mol } 1. =B
. gas constant, 8314 J/mol K
- temperature [K] ANYEF(ammonium nitrate : AN} GAA
. time skt e fd4 VIRE uiEsAl god

: decomposed fraction

*

kst a A Agency for Defence Developrment)



24

bl

(]

FR AR B X|

i
-
[

7HA0] AP Y82 FFo| 3= F
H 5oz Qe g F 2AL FAAY jery
YEE AR} gtk 53] Ho EolA4 8732
A A ERA0l F8 872U UF
gol ulgt ANS A3z HE3 FAAY MY
o] 7k&o] B& o «iEx gtk 12y AN
29 wsle] we} ok go] IA|/GellA
FH3Hphase transition) #Ato] WAIEn] o)z
Qg 2R YA x| Wy} vehat?. o
2 ANE 42 RoAM oF 172 g/erel U=E
FEU oF 50TColMe o 165 g/erd] Y& 7HA
3 ok

&
A
8

-18C 32~55T #&4T 125C 170T

ANy — ANy — AN — ANp — AN; —melt
L— 5C —

ANwolA ANpE9 4 AHoles EHE= AlR9
8 Fekat g3 ol8(thermal history)ol] ¢J&3}A|
Hed Asrt ¢43] Axd A9 ANy A2 o
52TolA ANy dozel Aol o] glo] uviz
ANy o2 Heolsles BEAL 7N Utk o=@
ANY Ho] ZAIE A7 sl B2 47E
o] ojfo}™ Az} AN9 potassium$F4 potassium
nitrate(KN)2} potassium  dinitramide(KDN),
oxide#2] zinc oxide(ZnO), copper oxide(CuQ),
nickel oxide (NiQ) & ARHIzAZ H7Elo
-8A(solid solution)E FAsHA 31 AL 72
Al LA3E ANt AN 7R Zddol @il

oAle  AARIRE AU EE(phase stabilized
ammonium nitrate : PSAN)o] AZzde] U#A
o0 g olg  ARPEBAIEC]  ¥RE
PSANE AMgshs FAAEL d2Add 5%

ANE AMgshe ARG 2 AT JduAY
Zaes e 9HE Boly] Wil =k 10% v
ghe] ARIASHA7E A8 PSANE©] AREEAR
9;11:}'6'7)‘ )

2 d7dae 99 o8 /1K) PSANES F
potassium#¢ KN#% oxide®® ZnOg /&
PSANS diitez olgd drs EA4E &%

ANl g% EA7 uzddck KNejv ZnO7}

ARz AVt PSANY I3 EA] digh
A Aol BAL Fiez ge A9 43
Hol 23 UA|qt o]5e] F¥a Edol gt As
€ W =F Afolth HZHAEL AsiAle] 83
A 9L & F AT 842AM PSANS g%
glo Wig olE ARMAsAY A4S A7k AL
Z93 A}jog AdEr QR4 diF £=84
4 Qe gitres
(TGA)Y} differential scanning calorimetry
(DSC)YE°] ALRHoXT: AN2 A 3T ZHA
d 2l Aol et 884HE AR F 28
He #AZE, DSC sHdeM Fad 94 7184
o] W3l 54& /IR A7) Wil £ dTelA

thermogravimetry

T TGAE AH&3ly SR8l §4& 43
2.4 H

AMABAR Zn0Y FA kol zkzt 0%, 3%,
5% 21 8%7} HEF 2ol AN 1A A
gz E3s & H70ToM 88417 UL, Fig. 1
9] AHIE ARSIl &L Bl 88do] FYo=
zed SN IR FERAAA BAFES AR
stgom KNS $43 PSAN X 22 uloz
Azsgck ARMSAE AMS-EE ZnO%t KNEL
S84Ee] ANl 44 &3 geiEe S48 By
o} 2 ¥ A" Al2E<Ql AN KANTO
Chemicalrl, KN-& JUNSEI ChemicalAl g3
ZnO¥ ALDRICH ChemicalAlollx Zzt Az
EFNEE ¥x9 b A flo] AM83idrth
GE3 SAol o P =Zrle] FTE viAEY]
&), Azd YRES APesid & 128+£22m
o] ARES R AP AP o159 FH
A& Fig. 20 Yepidck 2delA RoAE A
g 284S EAAA AZXF PSANELS 139
HAE 7HAH, APolA ARR-E ARSI B
o g wrx g4g-g Jehlxn Aok =§ ol @
39 3F 548 PR 2714 BAIgle) 78
EAQS B PSANY Az A€ AN
PSANY $2&28 Karl Fischer ¥2loz HA
3 A3t ANT PSANES oF 001%9] 72832

2
9



H3E M4z, 1999. 12

arobyst oA E(PSAN) E28 25

(1) Melter  (2) Temperature controller
(3) Air line (4) Receiver

Fig. 1 Experimental apparatus used in this
study

(a) ZnO-PSAN

(b) KN-PSAN (grid width : 200 xm}

Fig. 2 Photograph of PSAN produced in this
study(Stabilizer : 5 wi%)
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Fig. 3 The Madhusudanan-Krishnan-Ninan plots for AN
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Table 2. Values of E for different kinetic equations
on the thermal decomposition of AN
according to Madhusudanan-Krishnan-
Ninan equation

Model Pl P2 P3 R1
ElkJ}/mol] 657 | 795 | 846 | 956
14
(a)
134
124
114
I~
~ 10
g ® a=02
81 © a=03
v a=04
8 v az05
® a=06
71 O =07 v v
¢ a=08
?70105 00130 00195 .00200 .OO;OS .00'210 00'215 00220
1T 1K)
(@) ZnO-PSAN(ZnO : 5%)
14
)
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12 4
11
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71 o a=07 v v O .
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{b) KN-PSAN(KN : 5%)
Fig. 7 The Ozawa plots for PSAN
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Table 3. Kinetic parameters for the thermal
decomposition of ZnO-PSAN

Zn0 (%) 0 3 5 8

E (eq.3NkJ/moll | 766 | 77.1 | 827 | 832
E (eq.(4)lk]/mol} | 795 | 793 | 818 | 846
Model P2 P2 P3 R1

In All/min] 179 1 177 | 184 | 193

Table 4. Kinetic parameters for the thermal
decomposition of KN-PSAN

. KN (%) 0 3 | 5| 8
E (eq.(3)kJ/moll | 766 | 781 | 86.1 | 103.1
E (eq.(4))[k])/mol] | 795 | 837 | 858 | 100.0
Model P2 P2 P3 R1

In A[1/min] 179 | 188 | 194 | 230
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