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Thermal dissociation model for thermal analysis
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ABSTRACT
Thermal dissociation model is proposed for the thermal analysis of Ammonium nitrate (AN)
on the assumption of one-dimensional inter-diffusion model in a sample pan. AN decomposition
was measured with a Pressure thermogravimetric analysis (TG-DTA), and the results well
coincide with the simulations which consider the thermal dissociation and the chemical
decompositions. The dissociation model needs only one parameter, diffusion coefficient at

atmospheric pressure, and then it is simple and useful for the other high energetic materials.
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Nomenclature

A Arrhenius frequency factor

Aapp apparent Arrhenius frequency factor

Csur concentration of dissociated gas on the surface of condensed phase
Cex concentration of dissociated gas on at the exit of sample pan

d diameter of sample pan

) distance between condensed phase surface and exit of sample pan
Dap inter diffusion coefficient of dissociated gases into purge gas

Ea activation energy

FEapp apparent activation energy

G flow rate of purge gas

h height of sample pan

k reaction rate constant

M mass of sample

Mass mass change in thermogravimetric analysis

N thermal dissociation gas flux of ammonium nitrate

N decomposition gas flux of ammonium nitrate

P total pressure

Dsat saturated vapor pressure of the dissociated gas of ammonium nitrate
Q simulated heat value

R universal gas constant

o density

S bottom area of sample pan

T temperature

dT/dt heating rate

AT heat value measured by differential thermal analysis

X4 partial pressure of dissociated gas on the surface of condensed phase
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NH4+*NOs™ 2 NH;s() + HNOs(1) 2 NHs(g) + HNOs(g) (1

AR T AN D4R
NHs + HNOs — NH2NOsz + H20 — N20 + 2H20 2
NHiNOs + H* — NH2NO:z + H30+ — N20 + H20 + H30+ (3)
NHs* + HNO3 — NH3NOz* + H20 — N20 + H20 + HsO+  (4)
NHs + NO2* — NH3sNOz+ — N20 + H30* (5)
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Equilibrium of HNOs in liquid phase

2HNOs 2 NO2* + NOs™ + H20 (7
NO2t + NOs™ 2 N20s (8)
HNOs + H20 2 H30* + NO3~ 9)
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Purge gas

/\ NHH + HNOg
...... \_’/ N20+ H;O

Sample pan configuration.
Ny = Dgp M + x4, (Ny + Np) (10)
Dgp o< P71, TL75 (11)
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1 HET TOERBREMT

No. 1 2 3 4 5 6 7 8 9

P [MPa] 01 01 01 01 0.1 01 01 01 0.1
M [mg] 20 50 150 50 5.0 50 50 5.0 5.5
Almm)] 32 32 32 32 32 32 25 50 5.0
d [mm] 35 35 35 35 35 35 50 50 5.0

d7/dt [Kmin'] 5.0 5.0 50 15 20.0 5.0 50 5.0 10.0

G [Lmin1] 0.2 0.2 0.2 0.2 0.2 005 02 02 02

# 2 EET TOFERSEMT

No. 10 11 12
P[MPa] 0.6 2.1 8.1
M [mg] 5.5 5.5 5.5
hlmm] 5.0 5.0 5.0
d [mm] 5.0 5.0 5.0

d7/dt [Kmin'] 10.0 10.0 10.0
G [Lmin1] 0.5 1 1
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5 Effects of sample pan shape.
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6 Effects of pressure change.
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