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Abstract : The thermal decomposition of waste energetic materials such as TNT, RDX and composition B in a commercial rotary kiln
has previously been carried out. As part of the demilitarization process, the thermal decomposition of homogeneous double base
propellant (DB) used in M8 and consisting predominantly of nitrocellulose and nitroglycerine is examined with respect to a number
of operating conditions. A single condensed phase reaction with 4 species and 365 gas phase reactions and 59 species are considered.
Simulation results show the sensitivity of the thermal decomposition of DB with temperature and velocity. At relatively low
velocity with constant inlet hot air temperature, temperature in the rotary kiln was found to be highest, 953 K and 1300 K for cases
3 and 6 respectively. Illustrating that optimum operating temperature can be achieved by controlling the inlet velocity without
additional cooling systems.
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Table 1. Main reaction formulas of CPR and GPRs with frequency
factor and activation energy [10,11].

Reaction Reaction formula, A E
type |<A:1l s orm’mol™ s, E: kJ mol">
CPR M8 —2.49NO, + 2.36CH,0 + 1E+17 |1674
1.26(CHO), + 0.17CO
GPR
(No.42) HCO + O, > HO, + CO 33E+13| 0
GPR
(No.275) HO; + CH,O — HCO + H,0, 1.0E+12 | 33.5
GPR CH,O + NO, >HCO +HONO | 8.0E+02 | 57.5
(No.346) z 2 : :
CPR | Gases GPRs ,| Gas Product
<4species> <59species>

Figure 1. Thermal decomposition mechanism of M8 propellant by incineration process [12].
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Table 2. Operation condition of PFR process for case study

Variable Initial condition
Mass of RDX 3kg
Temperature of RDX 290 K
Pressure 101325 Pa
No. Initial condition No. Initial condition

Casel | 600K,0.1ms"' | Cased 700K, 0.1 ms"
Case2 | 600K,00lms' | Case5 700K, 0.01 ms™
Case3 | 600K, 0.00l ms' | Case6 | 700K, 0.001 ms’

Table 3. Maximum temperature with time in the rotary kiln

No. Maximum temp. No. Maximum temp.
Casel 600 K, 3240 s Case4 703 K, 2450 s
Case2 616 K, 5320 s Case5 740K, 3540 s
Case3 953K, 5530 s Caseb6 1300 K, 4010 s
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Figure 2. Distribution of temperature in the rotary kiln (a: Casel, b: Case2, c: Case3, d: Case4, e: Case5, f: Case6).
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Figure 3. Change in the mass of M8 propellant (point A: 3150 s in
Case2, point B: 2380 s in Case5).
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Figure 4. Dynamic behavior of M8 propellant by thermal decom-
position (point A: 3150 s in Case2, point B: 2380 s in
Case5).
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Figure 5. Variation of mole concentration in the rotary kiln (Casel

at 3240 s).
Bw gho] M8 FXA7E 913t HE(0.5 m)KE Z7}sim,
o|Z ujo- uln|alA| i W Zrles AL BelE 2 9)
ole} 2 FHeH &0 o3k GPRs?] Hl%“é

72=9} HONO,
olt}. Kinetic 1S E3) 147
o] GPRso] B4R AL Belstgon]. e 37 w4l
74~ Table 131} FUs}FTh

Figure 62 Case59] FAHAF A2 Q37| il &% X
(Figure 2(f), 3540 s)oll A ¥+-3-7] WH9| & & W= U
EhuiTh. CPRO.ZE AAE 47449 7haskgigol w87
oF oAl A3 WS AL AT 4 .
204 SABHE GPRsS % 2870l v, B WhgomRe A
Sk wke-Ael ofs whs719] &7k 740 K7HA] 353t
A& Figure 2(NE T3l S 4= Atk & 34 =70lA

[

0.12 4

0.10 A

0.08

0.06 -

0.04

Mole concentration (mol/m3)

0.02

0.00

Length (m)

Figure 4. Variation of mole concentration in the rotary kiln (Case5
at 3540 s).

Table 4. Reaction formula of GPRs for NO and CO, in Case5

No. Reaction formula of gas phase
17 NO; + NO; = NO + NOs
18 NO, + NO; > NO + NO, + O,
44 (CO)+ OH—CO, + H
0.30
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Figure 7. Variation of mole concentration in the rotary kiln (Case6
at 4010 s).
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Nomenclature
A Heat transfer area of M8 propellant, m’
A7 Collision factor of CPR and GPRs, s'orm mol's"
C, Heat capacity of gas in PFR, J kg'] K
¢ Concentration of component, mol m”

o . 2 -1
D, Diffusion coefficient, m™ s

ET  Activation energy of CPR and GPRs, J mol”

h Heat transfer coefficient by convection, J m K's

K, Thermal conductivity of explosive, J m' K's"

k7 Reaction constant of CPR and GPRs, s'orm mol' s

(—AH " )CPR ,(—AH " )TPR Heat of reaction of CPR and GPRs,
J mol”

P Pressure in the PFR, Pa

q’” Heat rate by heat transfer, J s’

R Ideal gas constant, J mol "' s”

l”jrx Reaction rate of CPR and GPRs, mol m’ s’

Se Total energy source, J m’s’

Se“T’, Se°™®  Energy source by CPR and GPRs, J m’s’

Smc™, Sm?™™ Mass source by CPRs and GPRs, mol m’s’'

T Temperature of gas in PFR, K

10.

11.

12.

13.

14.
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s Temperature of M8 propellant, K
u Velocity of mixture, ms’
4 Volume of PFR, m’

reactor

P Density of mixture, kg m”

CPR GPR ‘g . .
&L & The number of stoichiometry, dimensionless
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