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Crystal structure transformation and thermal decomposition behavior of

ammonium nitrate/potassium nitrate particles containing polymers

Seiichiro Nagayama*l, Katsumi Katoh™', Eiko Higashi*l, Katsuyuki Nakano™', Hiroto Habu"

Abstract

Ammonium nitrate (AN) has problematic properties for industrial application such as high
hygroscopicity and crystal structure transformation accompanied by volumetric change. In our previous
studies, we prepared spray-dried particles comprising three components: AN, potassium nitrate (PN) as a
phase stabilizer, and polymers (e.g. PVA, CMC, Latex), which was confirmed to provide effective moisture
proofing. In the present study, the crystal transformation behavior and the thermal decomposition behavior
of AN/PN/Polymer particles were investigated by differential scanning calorimetry (DSC).

The results showed that phase-stabilized AN could be successfully prepared by the addition of PN. In
addition, an intriguing possibility was identified in that CMCA and PVA, which were both added as
polymer components for moisture proofing, also acted as phase stabilizers for AN crystal transformation.
When the thermal decomposition behavior was investigated, two exothermic peaks were observed at
190-245°C (first peak) and 272—291°C (second peak) in the result of AN/PN/Polymer. It is possible that the
first peaks in the DSC curves for the AN/PN/polymer mixtures result from the reaction of AN with melted
PVA, or decomposition products and gases derived from CMC and Latex, and the second peak is due to

decomposition of AN on its own.

Keywords: Phase stabilized ammonium nitrate (PSAN), Crystal transformation, Thermal decomposition,

Gas generator, Spray dry.
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Fig.1 DSC curves of AN/PN/Polymer (heating rate = 2 K/min)
a: AN/PN/Polymer (9:1:0.3), b: AN/PN/Polymer (9:1:1)
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Fig.2 DSC curves of PN-free samples (heating rate = 2 K/min)
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Fig. 3 DSC curves of AN, AN/PN (9:1) and AN/PN/Polymer (9:1:0.3) (Heating rate = 2 K/min)
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Table 1 DSC parameters of AN, AN/PN (9:1) and AN/PN/Polymer (9:1:0.3)

First peak Second peak
Sample
T,'[°C] _ Qosc [/g]  E,[kI/mol] T,'[°C]  Qusc [V/g]  E,[kJ/mol]
AN - - - 264.3 1920 112.0
AN/PN(9:1) - - - 266.0 2082 111.4
AN/PN/PVA(9:1:0.3) 223.4 471 163.9 290.6 1570 110.7
AN/PN/CMCA(9:1:0.3) 190.1 288 82.0 271.7 1580 119.9
AN/PN/CMCNa(9:1:0.3)  201.0 399 105.0 272.4 1746 103.8
AN/PN/Latex(9:1:0.3) 244.8 = 97.9 284.7 21477 127.8

"Heating rate = 2 K/min
“Qpsc could not calculate because the peaks overlapped.
“"Total Qpsc of the first and second peaks
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Fig. 4 Relationship between additive amount of CMCA and Opsc (a) and T, (b), (Heating rate =2 K/min)

323 R ~—DFHEIC L HEE

This document is provided by JAXA.



28

SFHITZEMF T B ARSI JEBR T TS JAXA-RR-13-009

Fig.3 3 J 8 Table 1 (27" L72 AN/PN/Polymer (BT 25 1 ©— 27 O T, &g+ 5 &, fHilziT,
AN/PN/CMCA 3 X8 AN/PN/Latex D% 1 £ —2 D T, 1% 190°C B L 245°C TH Y, RV ~—
ORI L > TR > T D, ZOFRIZONT, EELIIRY ~—HEHE OB fENFE L T
Wb EEBZ, BREARY ~—0DHIZx LT DSC HIEZZFEN L, AN/PN/Polymer & ik L7,

HIEOFER, PVA B TIL, 206°C [ZWEAE— 7 NEIEE S 7= (Fig.5), Z DWEE— 71X, PVA
DR EIFERET D ENOEMRIC L 2WE LB 2 b D, DR Y ~—(CMCA, CMCNa ¥
L O Latex) OFEFTlE, FEEAE — 7 2% 214-245°C (2B sz, ZOfERIE, CMCA, CMCNa,
Latex 7% PVA &EWEEE T L TS Z L2 R LT 5D,

ARV~ —HM O R (Table 2) & AN/PN/Polymer (Table 2) D & bbig 325 &, Bl SN KR U <
— DR & 5\ T ED T, & AN/PN/Polymer D5 1 B — 27 O T, 13— L T\ 5, M2 T,
HRY ~— DR JOBDRO T, 5 E, #8HIH L& 25, AN/PN/Polymer @ E, L AHBIN
HD T ENGDoT=(Fig. 6)y ZOFERLD, AN LRV ~—DOJSIER Y ~— DR £ 72 1325y
fREFPEIHEIE L T Y, AN/PN/Polymer D5 1 E— 27 121%, AN L@l L72R Y ~—H 5 W ER Y
~ —HIR OB R O UG BAFR LTV D ATREMER B 5

|:0.5 mW/mg

Endo. .. Exo.

| PVA400

Heat flow [mW/mg]

Latex

150 175 200 225 250 275 300 325

Temperature [°C]

Fig. 5 DSC curves of polymer alone (Heating rate = 2 K/min)

Table 2 DSC parameters of polymer alone

Sample 7, [°C’] Qosc [1/g'] E, [kJ/mol]
PVA 206.2 -0.054 416.0
CMCA 214.0 0.46 26.0
CMCNa 242.0 0.46 105.0
Latex 245.0 0.065 72.0

Heating rate = 2 K/min
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Fig. 6 Relationship of E, values between polymer alone and AN/PN/Polymer
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