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Abstract : Supercritical fluid processes have gained great attention as a new and environmentally-benign method
of preparing the microparticles of energetic materials like explosives and propellants. In this work, RDX
(cyclotrimethylenetrinitramine) was selected as a target explosive. The microparticle formation of RDX using
supercritical anti-solvent (SAS) recrystallization process was performed and the effect of operating variables on
the size and morphology of prepared particles was observed. N,N-Dimethylformamide was used as organic

* To whom correspondence should be addressed.
E-mail: bclee@hnu kr
233



234 FHEO/= A157 A4z, 20095 128

solvent for dissolving the RDX. The size of the RDX particles decreased remarkably up to less than 10 ym by
SAS recrystallization. In the range of operating conditions of the SAS process studied in this work, the finest
RDX particles were obtained at 313.15K, 150 bar, and 15 wt% RDX concentration in feed solution.
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Table 1. Physical properties of RDX[13]

Property Data value

Molecular weight 222.1
Melting temperature (K)

Type A RDX 475.15 -477.15

Type B RDX 465.15 - 466.15
Decomposition temperature (K) 486.15
Thermal ignition temperature (K) 533.15
Crystal density at 293.15K (kg/m’) 1,820
Energy of formation (kJ/kg) +417
Enthalpy of formation (kJ/kg) +318
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Figure 1. Chemical structure of RDX.
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Figure 2. A schematic diagram of the experimental apparatus for SAS recrystallization.

1. CO; cylinder 6. Nozzle 10. Back pressure regulator
2. CO; feeding pump 7. Heater 11. Pressure gange

3. RDX + solvent solution 8. Thimble filter 12. Temperature indicator
4. RDX solution feeding pump 9. Metal filter 13. Controller

5. Recrystallizer
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Table 2. Experimental conditions for preparing RDX particles by SAS

recrystallization

Operating variable

Experimental condition

Temperature (K)

Pressure (MPa)

CO, flow rate (ml/min)

RDX solution feed rate (ml/min)
RDX solution concentration (wt%)

303.15, 313.15, 323.15
10, 15, 20
15 (at 15 MPa and 285.15K)
2
5, 10, 15

2.3, DjMxte] 24 2
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Figure 3. SEM image of unprocessed RDX particles.
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Figure 4. SEM images of SAS-processed RDX particles. The
effect of recrystallization temperature on the size

and shape of particles is given at (a) 303.15 K (b)
313.15 K and (c) 323.15 K. Other experimental
conditions of the SAS process for preparing RDX
particles are as follows: pressure of 15 MPa, RDX
concentration of 15 wt% in feed solution, CO; feed
rate of 15 ml/ min at 285.15 K and system pressure,
and solution feed rate of 2 ml/min.
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Figure 5. SEM images of SAS-processed RDX particles.
The effect of recrystallization pressure on the size
and shape of particles is given: (a) 10 MPa, (b)
15 MPa and (c) 20 MPa. Other experimental
conditions of the SAS process for preparing RDX
particles are as follows: temperature of 313.15 K,
RDX concentration of 15 wt% in feed solution,
CO; feed rate of 15 ml/min at 285.15 K and the
system pressure, and solution feed rate of 2
ml/min.

Figure 6. SEM images of SAS-processed RDX particles.
The effect of RDX concentration in the feed
solution on the size and shape of particles is given
at (a) 5 wt%, (b) 10 wt% and (c) 15 wt%. Other
experimental conditions of the SAS process for
preparing RDX particles are as follows:
temperature of 313.15 K, pressure of 15 MPa, CO;
feed rate of 15 ml/min at 285.15 K and the system
pressure, and solution feed rate of 2 ml/min.
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Table 3. Mean particle sizes of the SAS processed RDX
particles

Operating conditions in SAS

—— Mean particle
Pressure Temperature RDX concentration in  size (,m)

(MPa) (K) feed solution (wt%)

15 303.15 ] 15 3.6

15 313.15 15 3.3

15 323.15 15 6.6

10 313.15 15 4.2

20 313.15 15 3.6

15 313.15 10 39
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Figure 7. Particle size distribution of the RDX particles
prepared at the following SAS conditions:
pressure of 15 MPa, temperature of 313.15 K,
RDX concentration in the feed solution of 15
wt%, CO, feed rate of 15 mi/min, and solution
feed rate of 2 ml/min.
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